ANL-7499
Supplement

ANL-7499
Supplement

by

E—

Argonne JAational Laboratory

INELASTIC RESPONSE OF PRIMARY REACTOR
CONTAINMENT TO HIGH-ENERGY EXCURSIONS

Joseph Gvildys and Stanley H. Fistedis




The facilities of Argonne National Laboratory are owned by the United States Govern-
ment. Under the terms of a contract (W-31-109-Eng-38) between the U. S. Atomic Energy
Commission, Argonne Universities Association and The University of Chicago, the University
employs the staff and operates the Laboratory in accordance with policies and programs formu-
lated, approved and reviewed by the Association, ;.

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION

The University of Arizona Kansas State University The Ohio State University
Carnegie-Mellon University The University of Kansas Ohio University

Case Western Reserve University Loyola University The Pennsylvania State University
The University of Chicago Marquette University Purdue University

University of Cincinnati Michigan State University Saint Louis University

Illinois Institute of Technology The University of Michigan Southern Illinois University
University of Illinois University of Minnesota The University of Texas at Austin
Indiana University University of Missouri Washington University

Iowa State University Northwestern University Wayne State University

The University of Iowa University of Notre Dame The University of Wisconsin

NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United States Atomic Energy Commission, nor any
of their employees, nor any of their contractors, subcontrac-
tors, or their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information,
apparatus, product or processdisclosed, or represents that
its use would not infringe privately-owned rights.

Printed in the United States of America
Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.95




ANL-7499 Supplement
Reactor Technology

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois 60439

INELASTIC RESPONSE OF PRIMARY REACTOR
CONTAINMENT TO HIGH-ENERGY EXCURSIONS

by

Joseph Gvildys and Stanley H. Fistedis

Reactor Analysis and Safety Division

June 1971






TABLE OF CONTENTS

Page
G s S G R e e - S S T SR T B B R >
I RIRONHOTION . o & o s 5 5 95 v + % s s s siw e s 8 s e 5
II. STABILITY OF THE DIFFERENTIAL EQUATIONS . . . . « « « « = 5
III. EQUATION OF STATE FOR A GROUP OF MIXED MATERIALS . . . « « » 7
A. Mixtures Composed of Liquids and Solids . . . . . . . . 8
B. Mixtures Composed of Gases, Liquids, and Solids . . . . 9
IV. DESCRIPTION OF COMPUTER PROGRAM . . .« « « « o & o o o & = = 12
V. COMPARISON WITH EXPERIMENTAL RESULTS . . « « « « « « « « = =« 13
APPENDIX - FORTRAN Program Listing . . . «. « « « ¢ ¢ « o o o o o 18
Tt g T et ol e S e TS T I E T  TE N BRI T 50

DEPRRERCRE L SRS e T ARG gy W Wil el At e R GRS 51



11¢

12.

13;

LIST OF FIGURES

(Continued from page 4 of ANL-7499)

Title Page
Elastic-Plastic Behavior of Porous Material before Complete
COMpACTLOn.= s 7 s eiieires et s mnin SCietin auNE NI B 11

Cross Section of Model Core and Breeder Structure for UKAEA
Experiments [from N. J. M. Rees (UKAEA), A Model Investiga-
tion of Explosion Containment in Single Tank Fast Reactors,
pp. 692-719 in ANL-7120, Proc. of the Conf. on Safety, Fuels,
and Core Design in Large Fast Power Reactors, Oct. 11-14,

19651 » 5 win s s wieieoe BTty AETHENTIETAS SRV SIS KNS 14
Cross Section of Model Reactor Tank, Showing Positions of

Pressure Gauges and the Center of Charge [from N. J. M. Rees
(UKAEA), 4 Model Investigation of Explosion Containment in

Single Tank Fast Reactors, pp. 692-719 in ANL-7120, Proc. of

the Conf. on Safety, Fuels, and Core Design in Large Fast

Power Reactors, Oct. 11-14, 1965] « 0o e e 15

Configuration of Confined Charge at Initial Time Compared
with Distortion at Time of Peak Pressure at Position of
CAUZE B o u.a 5 o o R e e e e (e e ae e S B 16

The Computed Pressure Trace at the Position of Gauge 3 for
the Confined Charge . o o « o =s & » & & s w sOsiNelatns s et 16



INELASTIC RESPONSE OF PRIMARY REACTOR
CONTAINMENT TO HIGH-ENERGY EXCURSIONS

by
Joseph Gvildys and Stanley H. Fistedis

ABSTRACT

The analytical part of the inelastic response
of primary containment to high-energy excursions was
presented in the first part of this report. This
supplement integrates the effort in this area. It
adds primarily the computer program and some other
analytical considerations, such as a numerical sta-
bility criterion, equations of state of mixed
materials, and some comparison of the code with ex-
perimental results.

I. INTRODUCTION

The mathematical formulations, finite-difference equations, and
numerical techniques for calculating the inelastic response of primary
containment to a high-energy axisymmetric excursion have been described in
detail in the first part of ANL-7499. The main purpose of this second
part (ANL-7499 Supplement) is the presentation of the corresponding com-
puter program and the addition of developments making the overall report
self-contained. Thus, this part gives a numerical stability criterion,
new analytical considerations, and a comparison with experimental results,

all of which had not been included in the first part of the report.

Since the material given in this part is a continuation of the pre-
ceding work, the same sequence of equations and figures is maintained.
Whenever possible, the same nomenclature is used in this part of the
report to preserve continuity. However, all symbols are identified wher-

ever they first appear in the text.
II. STABILITY OF THE DIFFERENTIAL EQUATIONS

The stability equations (Eqs. 74 - 76) are used to determine the

length of the time step At so that a small disturbance can extend no



further than the local zone spacing during 4. In the meantime, a lower

o0id excessive computations resulting from /Xt being
jon 74 is the simplified form of the White
After careful

limit is chosen to av

unnecessarily small. Equat
6 derived for the pseudoviscosity method.

stability equation
uter output with an existing known

comparison of the results of the comp

solution, it was found that Eq. 74 was inadequate. The restriction

imposed by the first term on the right side of Eq. 74 was too severe for

certain reactor materials. It was, therefore, decided to use the White

stability criterion in its originally derived form, that is,

2 2 L/2
| i) 2 |V
W= [—7;———- + 4a |?7ﬂ] L L

where W is White stability number, c is the speed of sound, and AV is
the change of specific volume. For enhanced computational stability, the

range of W is limited to values’ between 0.45 and 0.2245.
For each zone the White stability number is obtained from

N s 0 2
(1—2) i (f%) + 4l (137)

where a is taken as 1.2, and the time interval At is selected so that

the maximum of the stability numbers for all zones satisfies

w \2
0a035 < <1'2) < 0.14. (138)
max

The speed of sound is given by

2o caalal AP
¥ . <av>s' (139)

The adiabatic equation of state for gaseous materials is taken as

an = constant, (140)

where n is the isentropic exponent. Thus,

c= (pv)1/2, ' (141)



For solids and liquids, the adiabatic equation of state is assumed to

have the form
V0 n
p=p[\7, - 11; (142)
Upon applying Eq. 139, the speed of sound becomes
c - [nV(p + pB)ll/Z. (143)

In the above expression, the constants Py and n are related by

cZ = Vopgns (144)

where c; is the speed of sound indicated in Fig. 9.

Substitution of Eqs. 141 and 143 into Eq. 137 gives White's stability

criterion as

2 2
<1_“_) - _anpA+ PB) (I_A;) + 4|A7V|. (145)

The above applies both to condensed materials and gases. The value of pg

is taken as zero for gases.

III. EQUATION OF STATE FOR A GROUP OF MIXED MATERIALS

As stated in the first part of this report, solution of the basic
conservation equations of mass, momentum, and energy requires an equation

of state of the form
pop+l -8, (54)

where py and EH are the pressure and specific internal energy along the
Hugoniot centered at pg, Vgs; V is the specific volume; and Y is the
Mie-Grineisen coefficient (see Sect. IIL.A of ANL-7499). Thus, analysis
of the inelastic response of a primary reactor-containment structure to
high-energy excursions requires knowledge of the equation of state of the

reactor materials.



In the numerical solution, meshes represent the primary system media.

No problem exists in representing single materials such as steel or sodium

There is sufficient experimental Hugoniot data for common materials.

M. van Thiel® provides substantial experimental data. The results of

although performed under different environmental con-—

these experiments,
can be made applicable for containment calcula-

ditions than in reactors,

tions.

A problem is created when media like the core blanket and plenum are

divided into meshes. Individual meshes could involve more than one

material. Extremely fine meshes are required to confine one material to
Thus, a Hugoniot curve is needed to represent the
Currently experimental

each mesh zone.
pressure-volume relations for material mixtures.

data are not available for such mixtures. To remedy this situation it is

necessary to develop a method to provide a Hugoniot curve for the mixture,

from currently available Hugoniot data for individual materials.

The approach employed in this analysis is similar to that used by
Goranson et 5}.9 in describing the dynamic compressibility of metals. The
two basic assumptions are: (1) all components of the mixture within a
mesh zone experience the same temperature and pressure; and (2) all com—

ponents under pressure maintain their integrity.

A. Mixtures Composed of Liquids and Solids

The Mie-Grimeisen type of equation of state applies to both solids
and liquids and can be used for easy construction of an equation of state

for a mixture of solids and liquids.

The initial volume for a hypothetical mixture with n components is

n
¥o =Z ¥ois (146)
=1

where ¥;j represents the initial volume of component i. For a specific

value of Py the total volume of the mixture is



n n vi n V1
L3 R L Z<‘,§> ¥oi 2

i=1 i=1 i=)
Py

where Vi is the volume, Vi

the specific volume, and (Vi/Voi) is the
3 P
relative specific volume of the component i. The value

H

of v1/V01 is obtained from the Hugoniot curve for the individual element.

The relative compression of the mixture is obtained from Eqs. 146 and

147:
- é: G‘—) o, (148)
o= \Vod/ ¥y
Py
where ¥/¥; is the relative volume of the mixture at pressure py, and
¥oi/¥g is the volume fraction of component i. A plot of py versus

(V/VO)P as determined by Eq. 148 yields the Hugoniot curve of the mixture

of n components.

B. Mixtures Composed of Gases, Liquids, and Solids

For mixtures composed of gases, liquids, and solids, the phenomenon
of shock compression is more complex than in mixtures containing only
solids and liquids. A satisfactory approximation treats the gases as
voids and the remainder of the mixture as porous material. As the shock
compression starts, the work of the external pressure is expended in
squeezing the voids and in packing the material, thus reducing it to a
standard volume (standard volume refers to the condition without internmal
voids). The energy expended in compressing the gases is neglected. This

approximation results in small errors.

1. Hydrodynamic Crushing

In the hydrodynamic crushing, the mixture is assumed to behave hydro-
dynamically, i.e., with zero shear stresses. The material in each mesh is

allowed to be loaded up to its yield stress to overcome the initial



10

rigidity, and then to compact at constant stresses until the voids are

completely closed.

Let Vo be the standard specific volume of the mixture and Voo the
specific volume of the porous mixture. Then a PH(V»VO) curve can be con-
structed for the continuous mixture, containing no internal voids, using
the approach outlined in Sect. III.A of the first part. If the
Mie-Grimeisen coefficient Y is assumed to be a function of volume, the

Hugoniot curve of the porous mixture can be approximated by

Py (V,V00) = p,y(V,Vo) +{I- [E(V,Voo) - E(v,vo)], (149)
where
E(V,Vgo) = %PH(V.Voo)(Voo 00,
and ( (150)
E(V,V0) = 22, (V,V0) (Vg = V)

Equation 150 gives the internal energy of the porous and continuous mix-

ture, respectively.

Substitution of Eq. 150 into Eq. 149 and simplification gives

Vo
o
0% = 11 Yoo

B el T 32T Py (VsVo), (151)
—— R
Voo

where
fwts 1
Y

Thus, the Hugoniot plot of a mixture is represented by a straight line on
the axis V from Voo to Vg and then a curve from Vo to V, according to
Eq. 151.



2. Elastic-Plastic Crushing

In elastic-plastic crushing, the mixture is considered to be elastic-
plastic, i.e., shearing and energy dissipation by plastic flow is included
in the crushing of voids. For ductile porous materials, the constitutive
equation for the dynamic compaction has been discussed by Herrmann.!? The
differential equation for the elastic compression or recompression curves

shown in Fig. 9 is given by

\'i \')
Vo v
\J e

0
v ) ) (152)

Fig. 9.

Elastic-Plastic Behavior of
Porous Material before
Complete Compaction

ANL Neg. No. 900-807.

HUGONIOT

o9
T

PRESSURE

PLASTIC FLOW

ELASTIC
RECOMPRESSION -}——- ELASTIC

OMPRE SSION

SONIC
s.oa’égo Co '. SONIC SPEED Coo .
]

Vo v,

VOLUME

where Vg and By (= c°2/V0) are the specific volume and bulk modulus of the

solid material in the undeformed state, and cy is the speed of sound in

the solid material. The function h z—o is assumed to have a linear rela-
tion:
\'i \'J
— = + 153
h(v‘)) aﬂ br ( )
where
§ [ heshitle:
. co Vo
> (154)

b=1-a

11
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in which ¢y is the speed of sound in the porous material. The plastic
curve is represented by the following quadratic equation:
V-V -1 \?
ieral ey <___p0 ) . (155)
Vp = V0 Po- = Pa

The quantities Pp: Pg? Ve, and Vp are defined in Fig. 9. Thus, if sonic

speeds cy and cpp and the elastic limits are known, one can construct an

elastic and plastic compressive curve from Vgg to Vo, when the mixture is
fully compacted. After full compaction, one should use the Hugoniot for

the hydrodynamic case as outlined above.
IV. DESCRIPTION OF COMPUTER PROGRAM

The computer program has been written in FORTRAN-IV language and is
conducted with an IBM-360-75 computer with 750 k (bytes) core storage.
The computer code is known as REXCO-I, which is a part of the REXCO codes
developed at ANL. The FORTRAN statements are listed in the Appendix.
Input instructions to the program have been described in Appendix A of the

first part of ANL-7499. The following are the changes of the input

instructions:
Card FORTRAN
Type Columns Format Name Description
11 37-45 CNUk Shear modulus of elasticity in
dynes / cm?
16 (8F9.0) KZy versus Zy table. Used
only when KPPX > 0 on card of
type 15.
1-9 CX, KZ,
10-18 CXD, Z, KZy is the spring force,
in dynes, for the dis-
19-27 CX2 K22 placement Z1, in cm.
28-36 CXD Z

2 2

Use as many cards of type 16 as required.

Note: The KZj versus Z1 values are entered in pairs in decreasing
order of Zj, starting with Z, (largest displacement), Z,, ..., to

ZKPPX'




Card FORTRAN
Type Columns Format Name Description
37 (8F9.0) Cil versus iI table. Used
only when KPPC > 0 on card of
type 15.
1-9 v, cz,
10-18 CvD, il Cil is the damping force,
H in dynes, for the
19-27 cv, CZ, | velocity Z1 in cm/sec.
28-36 cvD, %

Use as many cards of type 17 as required.

Note: The CiI versus iI values are entered in pairs in decreasing
order of 21, starting with 21 (largest velocity), iz, shsp 1O ZKPPC’

Certain restrictions have been put on the computer program, although
the analysis has been presented in terms of any number of zones. The
program is limited to 3,000 zones, 20 different materials, 20 different
sections, and up to 10 reactor vessels. The other limitations are:

(1) points for the Hugoniot curve not to exceed 50; (2) points for a
stress versus strain table for a reactor material not to exceed 50;
(3) cycles per run for Calcomp display not to exceed 1,000; and (4) dif-
ferent plots for Calcomp display not to exceed 7.

»

The restrictions mentioned above should not be regarded as limiting
the use of the code. If the computer capacity is sufficiently large, the
restrictions can be easily removed by changing the dimensions of the

program.
V. COMPARISON WITH EXPERIMENTAL RESULTS

The accuracy of the numerical method has been evaluated by Ash and
Julkel! by comparison with experimental results. The experimental test
selected for comparison was performed by the UKAEA. It consisted of an
enclosed 2-oz charge of RDX/TNT 60/40 and a rigid containment tank (shown
in Fig. 10). The cross section of the tank, positions of the pressure
gauges, and the center of the charge are shown in Fig. 11. The idea of

using an enclosed charge was to delay the time of arrival of the pressure

13
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Cross Section of Model Core and Breeder Structure for UKAEA
Experiments [from N. J. M. Rees (UKAEA), A Model Investigation
of Explosion Containment in Single Tank Fast Reactors, pp. 692-
719 in ANL-7120, Proc. of the Conf. on Safety, Fuels, and Core
Design in Large Fast Power Reactors, Oct. 11-14, 1965]1. ANL
Neg. No. 900-673.
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Fig. 11. Cross Section of Model Reactor Tank, Showing Positions of
Pressure Gauges and the Center of Charge [from N. J. M. Rees
(UKAEA), A Model Investigation of Explosion Containment in
Single Tank Fast Reactors, pp. €92-719 in ANL-7120, Proc. of
the Conf. on Safety, Fuels, and Core Design in Large Fast
Power Reactors, Oct. 11-14, 1965]. ANL Neg. No. 900-654.

wave reaching the wall and to smear out the wave form. The mathematical
model is shown in Fig. 12; because of axisymmetry, only half of the con-

figuration is shown.

The computed pressure history at the position of gauge 3 is shown in
Fig. 13. The peak pressure was 0.60 kbar, which was not as low as the
measured peak value of 0.24 kbar.!?2 The deformation of the grid at the
time of peak pressure at the position of gauge 3 is shown in Fig. v
Subsequent studies reveal that the source of error was in the equation of
state of the materials. Particularly unreliable is the description of the
lead shot. For instance, if the lead shot was assumed to be water

saturated, the energy absorption of the confining structure became
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Fig. 12. Configuration of Confined Charge at Im'tia% Time Compared with
Distortion of Time of Peak Pressure at Position of Gauge 3.

ANL Neg. No. 900-806.

i Fig. 13.
The Computed
Pressure Trace at
the Position of
Gauge 3 for the
Confined Charge.
ANL Neg. No.
900-678.
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0I5 020 0.30 040 050 060
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unrealistically low. If the lead shot was treated as a truly porous
material and was allowed to absorb the energy in the crushing of the
voids, the peak pressure was attenuated to one-half of the peak for the
water-filled voids. Since the performance of a similar code, REXCO-H,!3
has been well-established by comparison with experimental results, it is
fairly clear that the discrepancy is due largely to the inaccurate
description of the lead shot rather than to deficiencies in the basic

REXCO-I code. In one of the trial computations, all materials were
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treated hydrodynamically; the computer peak pressure at the position of
gauge 3 was 1.1 kbar, which was about twice as much as that calculated
based upon elastic-plastic behavior of materials. This leads to the
important conclusion that shear stress and plastic-flow effects cannot be
ignored in the analysis, and that development of inelastic codes parallel
to hydrodynamic codes is necessary. As a final remark, to obtain a better
correlation with the experiments, an improvement on the equations of state
is needed, especially when the material to be treated is not homogeneous

and isotropic as in the case of lead shot.
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APPENDIX
FORTRAN Program Listing

MAIN PROGRAM
J.GVILDYS-2/217/68
TWO-DIMENSICNAL REACTOR ACCIDENT ANALYSIS

IMPLICIT REAL*8(A-H,0-2)
COMMON /0/ R(3000),2(3000),RDCT(3000),ZDUT(3000)+£(3000),P(3000),

LRHO(3000) yVP(3000),SC(3000),SDR(3000),5DZ(3000),S$DT(3000),SRZ(3000
2),MZERDO(3C00),RO(3000),20(3000),SSR(3000),SSZ(3000),SST(3000),
3SSRZ(3000),STR(3000),STZ(3000),KTX(3000),KTY(3C00)

DIMENSICN TITLE(20)
DIMENSICN PP(20,50),VV(20,50),P0(20),E0(20),G0(20),C0(20),

1AA(20)4BB(2C)yCC(20)4VO(20),CCP(20),CCK(20),CPLGI(20)
2,4CX(50),CXD(5C),CV(50),CVD(50),CWB(20),CWNI(20)
DIMENSICN CRHC(20),CE(20),CP(20),CYO(20),CNU(20)

CIMENSION CIJ(50),CXIJ(1000)
CCMMON IMAX, JVAX, IMAX1 3 JMAX]1, IMAX2 9 JMAXZ yIMAX3y JMAX3,NCYCLy

LINDEXA, INCEXByIWyJW,ISTOP,1QQ,JQ0,IDN,JDM,NPP,NCL
24KXP(20)4KYP(2C)4KXYP(1000)
COMMON KB1,KB2,KB3,KPP,KPPL,KPP2,KPPXyKPPCyKPLL,KPL2
CCMMON KI1(50)4yKI2(50)4KJ1(50),KJI2(50),KXI(1000),KXJ(1000)
CCMMON 111(10),112(10),121(10),122(10),J11(10),J12(10),J21(10),
1J22(10) 411Xy 12X, J1XyJ2X,KK(120)
CCMMON /A/DELT yDELTO 3 TIME,DIST y WMAX,TITLE,PP4VV4PULEU+GO,C0yAAyBB,
1 CCyVNyCCPyCCKyCXLyCX29CX3,CXyCXDyCV,CVDyPMASS
1yCRHO4CECPyEZEROYEByCPLG,PLUG,CWB,CWNyCYO,CNU,CIJ,CXIJ
3,PLGF(1C0OC), TME(1000),PRS{6,1000)
REAL*4 TME,PLGF,PRS,TIN
REAL*4 TITLE
REAL*8 MZERC
INTEGER*2 KTX,KTY
FORMATS FCR MAIN PROGRAM
S50C FCRMAT(1824)
502 FORMAT(51€,3F12.0)
503 FCRMAT(6F12.0)
£04 FCRMAT(1216)
505 FCRMAT(31€,2F12.0)
506 FORMAT(1H1,20X,18A4)
508 FORMAT(1HC,' NO OF R ZONES =',13,' NU OF Z ZONES =',I3,
1* INITIAL D-TIME =',E15.7)
SIOITOSZQT;}SE':'Lé;;T;N? ;CASTANTS'/IHO.' MAX CYCLES =',15,
= Ty AX DISTORTION =*,E15.7,
2' MAX D-TIME =',E15.7)
512 FORMAT(1HC,' CUTPUT PARAMETERS')
S14 fGRMAT(ch.- CETAILED FULL ACCURACY PRINTOUT EVERY *,13,
s roRvar ke, ik’ A A o1
d v 4 PLAY S
S ppel e i SPL PRINTCUT OF 2D RESULTS EVERY
51€ FCRMAT(1HC,* PICTURE DISPLAY EVERY ¢ A '
52C FCRMAT(1HO,*' INITIAL HMAX="E15f7t' 61$;ME:YSE§5:7)
522 FORMAT(1HCy*' CFAMNGED WMAX=*,E15.7,% D-TIME=",E15.7)
524 FORMAT(1HC® AT CYCLE'"yI5,* TINE=",E15.7,* D:tlné='.615.1'
L' DISTORT=*4E15.7+' AT ZONE *,2014,/% WMAX=9%,EL15.7,° AT ZUNE® ,214)
526 FORMAT(////," HYDRODYNAMICS ERROR STOP*)
528 FORMAT(1HC,"' CALCULATED WMAX=',E15.7,¢ D=TIME=",E15.7)
530 FOKRMAT(1HC,* ADJULSTED WMAX="* . n= =
22 ’ AX='yE15.7,% D=TIME=",ELl5.7)
532 FORMAT(1HO,* STOP WMAX GREATER THAN 0.14°)

0001
0002
0003
0004
0005
0006
0007
0008
0009
oolo
0011
0012
0013
0014
0015
0016
0017
ools
0019
0020
o021
0022
0023
0024
0025
0026
oo27
ooz2s
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055



§34 FORMAT(1K1,5HCYCLE,5X4HTIME,7Xy10HPLUG FORCEs2Xy12HPRESSURE AT ,

536

1213,5(8%,213))
FORMAT(1642EL14.€,4Xy6EL4.6)
DO 20 I=1,3000
R(I)=0.
Z(1)=0.
RDCT(I)=0.
ZDOT(1)=0.
RO(1)=0.
20(1)=0.
MZERO(I)=C.
E(I)=0.
P(I)=0.
RHO(I)=0.
VP(I)=0.
SC(I)=0.
SSR(I)=0.
SSZ(I1)=0.
SST(1)=0.
SOR(I)=0.
SCZ(I1)=0.
SOT(I)=0.
SRZ(1)=0.
STR(I)=0.
STZ(1)=0.
KTX(I)=0
SSRZ(I)=0.
KTY(I)=0

20 CONTINUE

as

DC 25 I=1,20
PO(I)=0.
EQ(1)=0.
GO(I)=0.
CO(I)=0.
AA(T)=0.
BB(I)=0.
CC(I)=0.
CRHO(I)=0.
CE(I1)=0.
CP(1)=0.
Cy0(I1=0.
CNU(TI)=0.
vO(I)=0.
cCrP(1)=0.
CCK(I)=0.
CPLG(1)=0.0
CwB(1)=0.
CWN(I)=0.

CO 25 J=1,50
PP(1,J)=0.
VV(I,J)=0.
CONT INUE

DC 26 J=1,50
CIJ(J)=0.
Cx(J)=0.

19

0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
o072
0073
0074
0075
0076
oor7
0078
0079
0080
oosl

0082

oos83
0084
0085
0086
oos7
ooes
0089
0090
0091

0092
0093
0094
0095
0096
0097
0098
0099
0100
0101

0102

0103
0104
0105
0106
0107
o108
0109
0110
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26

27

40
€60
80
100
110

122

124

130

cvV(J)=0.
CXD(J)=0.
CVC(J)=0.
KI1(J)=0
KI2(J)=0
KJ1(J)=0
KJ2(J)=0
CONTINUE

DO 27 1=1,1000
KXI(1)=0
KXJ(I)=0
KXYP (1)=0
CXIJ(I)=0.
PLGF(I)=0.
TME(T)=0.

DO 27 J=1,6

PRS(J51)=C%

CCNTINUE

READ 500, (TITLE(I),1=1,18)

INITIAL CGNFIGURATION

READ 502, IMAXy JVAXsKB14KB2,KB3,TIME, DELT DELTM
LIMITING CRITERIA CONSTANTS

READ 503,CYCLM,TMAX,DISTM,CE1,DE2

TIN=TIME

IF(CYCLM)€0y4C460

CYCLM=100C0.

IF(TMAX)1C0,8C,100

TMAX=1000C.

IF(DISTM) 120,110,120

DISTM=100C0.

OUTPUT CONSTANTS

READ 504, I0UA, INUMBA, IOUB, [0UC, 10UT

JQo=10UB

MCYCL=CYCLM

cx1=1.

cx2=1.

cx3=1.

IF(KB1.EQ.0)GC TO 122

CXl=-1.

IF(KB2.EQ.0)GO TO 124

cx2=-1.

IF(KB3.EQ.0)GC TO 126

Cx3=-1.

CONTINUE

IF(DE1.NE.0.0)GO TO 128

DE1=0.001

DE2=0.0C5

CONT INUE

PRINT 506 (TITLE(I),I=1,18)

PRINT 5CB8,IMAX,JMAX,DELT

PRINT 5104MCYCLyTMAX,DISTM,DELTM

PRINT 512

IF(I0UA)140,14C,130

PRINT 514,I10UA,INUMBA

INUMBA=INUMB A-1

0111
o112
0113
0114
0115
0116
0117
ol1se
0119
0120
o121
0122
o123
0124
0125
0126
o127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
ole6l
0162
0163
0164
0165



140
150
160
170
180

182

184
186

188

190

192

194

IF(I0UB)1€0,16C4150
PRINT 516, 10UB
IF(IOUC)1E0,18Cy170
PRINT 518,10UC
CONTINUE
IMAX1=IMAX+1
IMAX2=1MAX+2
IMAX3=1MAX+3
JMAX1=JMAX+]1
JMAX2=JMAX+2
JMAX3=JMAX+3
1P1=2

1P2=26
IX=1MAX1/25
IF(IX)186,186,182
DO 184 I=1,IX
111(1)=1IP1
112(1)=1P2
J2111)1P1
122(1)=1P2
IP1=1P1+2°%
1P2=1P2+25
CONTINUE
IXX=IMAX1-1X*25
IF(IXX)19C,190,188
I1X=1X+1

12X=11X
I11(I1X)=1IP1
112(11X)=1IMAX]
121(12X)=1P1
122(12x)=1MAX2

GO TO 192

I1X=IX

I12X=1X+1
121(12X)=1P1
122(12X)=1MAX2
JP1=2

Jp2=51
JX=JMAX1/50
IF(JX)158,198,194
DO 196 I=1,JX
J11(1)=JPl
J12(1)=JPz
J21(1)1=J4P1
J22(1)=JP2
JP1=JP1+5C
JP2=JP2+5C
CCNTINUE
JXX=JMAX1-JX*50
IF(JXX)20Z2,202,200
J1X=JX+1

J2x=J1Xx
J11(J1X)=JPl
J12(J1x)=JMAX]
J21(J42x)1=JP1
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0166
o167
0168
0169
0170
0171
o172
0173
0174
0175
0176
0177
o178
0179
0180
o181
o182
0183
0184
o185
0186
oL87
o188
0189
0190
0191
0192
0193
0194
019>
0196
0197
0198
0199
0200
0zo0l
0202
0203
0204
0205
0206
0z07
0208
0209
0210
0211
0z1z2
0213
0214
0215
0216
0217
0z18
0219
0220



22

202

204

2C8

210 CALL OTAPE (RyZyRDOTZDOTyMZEROsPyVPsEsRHOsRUyZUySCySSRySSZySST,

J22(J2X )=JMAX2
GO TO 204
J1X=JX
J2X=JX+1
J21(J2Xx)=JP1
J22(J2X)=JMAX2
CONTINUE

DO 208 I=1,12C
KK(I)=I
CCNTINUE
ITIMA=0

NCL=0

ISTOP=0
NCYCL=0

1QQ0=0

LAST=-1
IF(IOUT-1)215,215,210

1SSRZySDRySDZ ySDTySRZySTRySTZHKTXsKTY, IOUT)
TIN=TIME
GO TO 470

215 CCONTINUE

CALL HYDRCI(RyZ,RDOT,ZDOT,MZEROsPsVP,EyRHO9ROyZOySCySSRySSZySST

L1SSRZySDRySDZ ySDTySRZySTRHySTZKTXyKTY)
IF(IOUC.EC.0)GO TO 220
CALL PICT(R,ZyP4LAST)

220 INDEXA=1

IF(I0OUA)240,42404650

240 IF(IOUB)2€0,4260,700
260 PRINT 520,WMAX ,DELT
280 IF(WMAX.LT.0.14)G0O 7O 300

300

350 CALL HYDRO (R, ZyRDOT,ZDOT yMZERCyP4VPyEyRHOyROy Z0ySCySSRySSZySST

DELT=0.5*CELT

WMAX=0.25%WMAX

PRINT 522,WMAX,DELT

GO TO 280

IF(WMAX.GT.0.035)G0 TO 350
IF(DELT.GT.0.5*DELTMIGO TO 350
DELT=2.0*CELT

WMAX=4,0%wMAX

PRINT 522,WMAX,DELT

GO TO 300

1SSRZySDR s SDZySDTySRZ ySTRySTZ yKTXyKTY)
IF(DABS(EZERC-EB)/EZERO.LT.DELIGO TO 360

10UA=1

INUMBA=MC YCL

IF(DABS (EZERO-EB)/EZERO.CT .DE2) ISTOP=1

CONT INUE

NCYCL=NCYCL+1

PRINT 524 yNCYCLyTIMEyDELT,DIST  IDMyJOM,WMAXy Wy JW
IF(ISTOP.EQ.0)GO TO 370

GC TO 450

INDE XA=2

IF(I0UA.EQ.0)GO TO 375

IF(MOD(NCYCL,ICUA)<EQ.0+AND.ITIMA.LEL.INUMBA)GO TO 380

0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
AZ31
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0245
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274



215

380

390

400

405
410
420
430
450

455

47¢
415

480

490

650

700

150

116

CONTINUE

INDEXB=0

GO TO 390

ITIMA=ITIMA+]L

INDEXB=1

GO TO 650

IF(I0UBL.EC.0)GO TO 400
I1F(MOD(NCYCL,ICUB).EQ.0)GO TO 700
IF(I0UC.EC.0)GO TO 405

1F (MOD(NCYCL,ICUC).EQ.O)
1CALL PICT(R,ZyPyLAST)
CONTINUE

IF(NCYCL=NMCYCL 420,450,450
IF(TIME = TMAX)430,450,450
IF(DIST = DISTM)I4T70,450,450
LAST=1

IF(I0UB.EQ.0)GO TO 455
INDEXA=3

GO TO 700

CONT INUE

IF(IOUC.NE.O)
1CALL PICT(R,ZyPyLAST)
IF(INDEXB.EQ.1.CR.IOUA.EC.0)GU TO 750
INDEXA=3

GO TO 650

CCNTINUE

IF(WMAX.GT.20.C)GO TO 490
IF(WMAX.LT.0.14)G0O TO 480
DELT=0.5%CELT
WMAX=0.25%WMAX

PRINT 530,WMAX,DELT

GO TO 4175
IF(WMAX.GT.0.035)G0 TO 350
IF(DELT.GT.(0.5*DELTM))GC TO 350
DELT=2.0%0DELT

WMAX=4.0%nMAX

PRINT 530,WMAX,DELT

GO TO 480

PRINT 532

GO TO 450

CONTINUE

CALL FRlNTF(RgZ'RDOT'lDUY.HlEROvP.VP'E'RHO.RO'lU'SCoSSR.SSl'SSY'

1SSRZ,SDRySDZySDTySRZsSTR9STZyKTX,KTY)
GO TO (24C4350,750), INDEXA
CCNTINUE

CALL PRINTL(RyZyRDOT,ZDOT yMZERO,P VP, E4RHO,

1SSRZsSDR ySDZ ySDTySRZySTRySTZsKTX,KTY)
GO TO (26C400,455), INDEXA

CONTINUE

IF(NPP.LE.O)GC TO 777

PRINT 534, (KXP(L),KYP(L)sL=1,NPP)

DO 776 I=1,NCL

PRINT 536,KXVP(l)'TNE(Il’PLGF(llv(PRS(Lvl)pL*lvNPPl

CONTINUE
GO TO 779

ROy Z04SCySSRySSZsSST e
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0215
0276
Prays
0278
0279
0280
0281
0z82
0283
0284
0285
0286
0287
0z88
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329



24

i

]

778
s

760

770

501
502

18

20

30

CONT INUE

IF(KPL1.LE.O)GO TC 779

PRINT 535

FORMAT (1H1,5HCYCLE,5Xy4HTIME, 7X,10HPLUG FORCE)

DO 778 I=1,NCL

PRINT 5364KXYP(T),TME(I),PLGF(I)

CCNTINUE

CONTINUE

CALL CALC(NCLyNPP,KPL1yKXP4KYPTME,PLGF yPRS,TITLE,TIN)
IF(IOUT-1)770,760,770

CALL OTAPE (R,ZyRDOTZDCT,MZEROsP yVP,EyRHOy ROy LO0sSCySSR9SSZySSTy
1SSRZySOR,SDZ+SDT,SRZySTR,STZyKTX,KTY, I0UT)

sTOP

END

SUBROUTINE CALC(NCLyNPPKPLLyKXPyKYPyTME PLGF4PRSy TITLE,TIN)

DIMENSION KXP(20),KYP(20),TME(1000),PLGF(1000),PRS(6,1000),
1DATA(1000),TITLE(18),CXY(1000)

DIMENSICN Ul(2),U2(3),U3(5)yUa(5),U6(4),UT(2),u5(2)

DIMENSION SCTK(10)

CATA ul/* TIME */,U2/°'PLUG FORCE'/,U3/"AXIAL DISVPLACEMENT"'/,
1U4/°'RADIAL DISPLACEMENT'/,U5/'AT (UNE'/, U6/ AT mEdH POINT "/,
2UT/*PRESSLRE'/

FCRMAT(16,4(6F12.0))

FORMAT(16,7E15.7)

IF(NPP.NE.O)GC TO 16

READ 501,KCAL,SCT,SCT1

PRINT 502 4KCAL4SCT,SCT1

GO TO 18

CCNTINUE

READ 501 ,KCALySCT,SCT1,(SCTK(K) 4K=1,NPP)

PRINT 502 4KCAL¢9SCTySCT14(SCTK(K) 4K=1,NPP)

CCNTINUE

IF(KCAL)2C0,200,20

CALL PLOTS(DATA(1),4000,49)

CALL PLOT(5.0,4Cy=3)

CALL SYMBCL(Cy5.04Cel4,TITLE(L1),0,72)

CALL PLOT(11.0,0,-3)

IF(SCT.LE.0.0)SCT=.0001

XMAX=(TME(NCL)-TIN)/SCT

IF(KPLL)6C,60,30
CALL AXIS(0yCyULy=ByXMAX,0,TIN,SCT,10.0)

CALL SCALE(PLGFy10.0yNCL+1,10.0)

PMIN=PLGF (NCL+1)

PDEL=PLGF (NCL+2)

IF(SCT1.NE.0.0)PDEL=SCT1
iA;L AXIS(OtorUZv10v10.0190-01PHINvPDEquO-O)
Y=(PLGF(1)-PMIN)/PDEL
IF(Y.GE«1Ce0)Y=10.0
CALL PLOT(X,Y,3)

0330
033)
0332
0333
0334
0335
N336
J337
0338
0339
0340
0341
0342
0343

0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379



50

60

70

xS

8C

90

100

120

150
180
200

0O 50 I=1,NCL

X=(TME(I) -TIN)/SCT

Y=(PLGF(I)-PMIN)/PDEL

IF(Y.GE«10.0)Y=10.0

CALL PLOT(X,Y,2)

CONTINUE

KNEW=XMAX+2,.

XNEW=KNEW

CALL PLOT (XNEW,0,-3)

IF(NPP)18C,18C,y60

DO 150 L=14NPP

CO 70 I=1,NCL

CXY(I)=PRSI(L,I)

CONT INUE

CALL SCALE(CXY,10.04NCLy1,10.0)
FMIN=CXY(NCL+1)

FDEL=CXY(NCL+2)
IF(SCTK(L).NE<O.O)FDEL=SCTK(L)

IF(KXP(L) .GT.C)GO TO 80

CALL SYMBCL(Cy5.040414,U4,0.0,19)

CALL SYMBCL(0y445+0.145U65,0.0,413)
KXPL=TABS(KXP(L))

KYPL=TABS(KYP(L))

CALL NUMBER(148,445,0.14FLOAT(KXPL)40.0,-1)
CALL NUMBER(2+414+540414,FLOAT(KYPL)30+0,-1)
GO TO 100

IF(KYP(L).GT.0)GO YO 90

CALL SYMBCL(045.040.14,U3,0.0,18)

GO TO 75

CALL SYMBCL(Cy5.090414,U7,0.0,+8)

CALL SYMBCL(0744590.144U550.047)

CALL NUMBER(14094e5y0e14, FLOAT(KXP(L))40.0,-1)
CALL NUMBER (145944590414, FLOAT(KYP(L))0.0,~1)
CALL PLOT(3.040.04=3)

CALL AXIS(0y04Uly=8yXMAXy0,TINySCT,10.0) .
CALL AXIS(0+0,2H +42910.0,90.04FMIN,FDEL+10.0)
X=0e

Y=(CXY(1)=FMIN)/FDEL

IF(Y.GE.10.0)Y=10.0

CALL PLOT(X,Y,3)

DO 120 I=1,NCL

X=(TME(I)=TIN)/SCT

Y=(CXY(I)=FMIN)/FDEL

IF(Y.GE.1C.0)¥=10.0

CALL PLOT(XsYy2)

CCNTINUE

KNEW=XMAX+2.

XNEW=KNEW

CALL PLOT (XNEW,0,=3)

CONTINUE

CALL PLOT (0,0,999)

CONTINUE

RETURN

END
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0380
0381
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0384
0385
0386
0387
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0392
0393
0394
0395
0396
0397
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0410
0411

0412

0413

0414
0415
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(R'lyRDCT'lDDT.MZERO.P'VPyEpKHUyRCvZOvSCySSR'SSZv 0434

SUBROUTINE OTAPE
15STySSRZ,SORySCZsSDTSRZySTRySTZyKTX,KTY,10UT) 0435
IMPLICIT REAL*8(A-H,0-2) 0436
DIMENSICN KR1(50)sKR2(50)yKZ1(50) 4KZ2(50),KTM(50),CRHO(20) 0437
1CE(20),CP(20),KT1L(20),KT2(20) 0438
DIMENSION RUIMAX3,JMAX3) oZ (IMAX3,JMAX3),RDOT(IMAX3,JMAX3), 0439
1100T(1MAx3.JMAx3).Ru(lnAxa,JnAxa),10(IMAxa.JnAxay.MZERO(lyAxa.Jnax 0440
ZB),E(IMAXE.JMAXBI.P(lNAXBpJMAXB).RHO(IMAX3'JMAX3lvVP(IMAX5'JHAX3" 0441
35C(IMAX3, JMAX3) yKTX(IMAX3,JMAX3) oKTY (IMAX3, JMAX3) 0442
DIMENSION TITLE(20) 0443
DIMENSION ssn(IMsz.JrAxa).ssz(IMAxa,JMAxai,ssr(1MAx3yJHAX3) 0444
DIMENSION SOR(IMAX3yJMAX3),SDZ(IMAX3,JMAX3) ¢SDT(IMAX3,JMAX3)ySRZIT 0445
LMAX3,JMAX2), STR(IMAX3,JMAX3) ,STZ (IMAX3,JMAX3), SSKZ(IMAX3,JMAX3) 0446
DIMENSION PP(20,50),VV(20,50),P0(20),E0(20),60(20),C0(20), 0447
1AA(20),BB(20),CC(20),V0O(20),CCP(20)4CCK(20),CPLG(20) 0448
2 ,CX{50),CXD(50),CV(50),CVD(50),CWB(20),CWN(20) 0449
DIMENSION CYG(20),CNU(20) 0450
DIMENSICN CIJ(50),CXIJ(1000) 0451
CCMMON IMAX,JMAX,IMAX1 o JVAXL,IMAX2,JMAX2 s IMAX3 , JMAX3,NCYCL 0452
LINDEXAy INCEXBy IWyJW, ISTOP,1QQyJQQ, 1D, JDMsNPP,NCL 0453
2 yKXP(20) 4 KYP(2C)4KXYP(1000) 0454
COMMON KB1,KB2 4KB3 yKPP,KPPL,KPP2,KPPXyKPPC,KPL1yKPL2 0455
CCMMON KI1(50)94KI2(50)yKJL(50)4KJ2(50),KXI(1000),KXJ(1000) 0456
COMMON /A/DELT yDELTO,TIME,DIST ,WMAX,TITLE,PP,VV,P0U,E0,GO,C0O,AA,BB, 0457
1 CCyVOsCCP,CCKyCX1yCX24CX34CXyCXD,CV4CVD,PMASS 0458
1,CRHO,CEyCPyEZERD,EB,CPLG,PLUGyCWByCWN,CYO,CNU,CIJ,CXIJ 0459
3,PLGF(100C), TME(1000),PRS(6,1000) 0460
REAL*4 TME,PLCF,PRS,TIN 0461
REAL*4 TITLE 0462
REAL*8 MZERD 0463
INTEGER*2 KTX,KTY 0664
REWIND 8 0465
REWIND 9 06466
GO TO (10C,200,300),ICUT 0467
100 WRITE (8)NCYCL,TIME,CELT,DIST,DELTO,WMAX,IWyJW,KBL,KB2,KB3, 0468
119Q,J0QyKPP4yKPPL,KPP2,KPPX,KPPL,PMASS,KPL1,KPL2,PLUG,CPLG 0469
WRITE(8)R4Z,RDOT,ZDOT yMZERG P s VP 4 EyRHO ROy Z0y SCoKTX yKTY 4 0470
1PPyVV,PO,E09GCyCOyAAy BByCCyVOySSRySSZySSTyCCPyCCK,yKXI ,KXJ 0471
24CVyCVDyCX4CXDyCRHOyCE4CP,EZERC)CWB,CWN,IDVM,JDOM 0472
3,SDR,SDZySRZySTRySTZySSRZyCIJsCXIJyCNU,CYOyKXPyKYP4KXYP 06473
END FILE € 0474
GO TO 450 0475
200 CCNTINUE 0476
220 READ (9)INCYCL,TIME,DELT yDISTyDELTOyWMAX yIW, Wy KBLyKB24KB3, 0477
11QQ,JQQ,KPPyKPP1,KPP2 yKPFXyKPPC,PMASS,KPLL yKPL2,PLUG,CPLG 06478
READ (9)RyZyRDCTyZDOT yMZEROyPyVP 4 EyRHO ROy Z0ySCoKTXoKTYy 0479
1PP4VV,POyEOyGCyCOyAAyBByCCyVOy SSRySSZySST,CCPyCCKyKXIyKXJ 0480
24CV4CVDyCXyCXDyCRHOCEyCPyEZERGyCWByCWN,IDM,JOM 0481
3,SCRySDZySRZySTRySTZ4SSRZ,CIJyCXIJyCNU,CYOyKXPyKYP 4KXYP 0482
GO TO 450 0483
300 ICUT=1
0484
GO TO 220 0485
450 RETURN o

g 0487



SUBROUTINE HYDRCI(R'Z,RDOT'ZDOT'HIEROvPlVPvEQRHO'RleU'SCvSSROSSlv
1SSTySSRZySDRySCZSDTySRZySTRySTZyKTX,KTY)

IMPLICIT REAL*B(A-H,0-2)

DIMENSICN KRI(EOviR2(50"Kll(50’pKlZ(50'vK'P(50’;CRHO(20)'
1CE(20),CP(20),KT1(20),KT2(20)

DIMENSION R{IMAX3,JMAX3),Z(1MAX3,JMAX3),ROOTIIMAX3,JMAX3),
lZDOT(‘MAXB'JFAX3)7R0(]HAX3;JHAX3),IO(IMAX3'JHAX3’yHlEP0(rHAK3'JFAx
23)05(IHAXEIJMAX3)'P(IMAX3vJNAX3l'RHO(I"AX3vJHAX3)|VP(IHAX3'JHAX3’1
3SC(IMAX3'J"AX3,'KTX(IMAX3'J"AX3)vKTV(l"AX3vJ"AX3)

DIMENSION SSR(IH&X3'JFAX3).SSZ([HAX3'JHAX3)vSS'(IMAXB'JHAXS'

DIMENS ION SDR([MAX3-J”AX3'vSDZ(lMAX3'JHAX3,vSD‘(lHAX3oJHAK3.'SKl(l
IMAX3'JMAX3"STR(KMAX3yJHAX3)'STZ(IMAX3'JHAX3)QSSRZ(IHAX3'JHAX3’

DIMENSION TITLE(20)

DIMENSICN PP(20,50),VV(20,50),P0(20),E0(20),60(20),C0(20),
IAA(ZODpBB(ZO)vCC(ZO"VU(ZO"CCP(ZO)vCCK(ZO’vCPLG(ZO)
2!CX(50'9CXD(50)1CV(50)vCVD(SO)'CHB(ZO'vCHN(ZO’

DIMENSICON CYO(20),CNU(20)

DIMENSICON CIJ(50),CXIJ(1000)

CCMMON lMAX'JMAX'IMAleJFAXlo[MAXZ;JHAXZ'lHAX3'JHAX3qNCVCL'
l[NDEXA'lNCEXBoIH'JNolSTOP’lQQIJQQ'IDFvJDM'NPP'NCL
24KXP(20)4KYP(20)4KXYP(1C00)

CCMMON KBl.KEZ'KB3oKPP'KPPl'KPPZ.KPPX,KPPC,KPLl.KPLZ

CCMMON Kll(50"K12(50)|KJl(50)'KJZ(SO,vKXl(IOOO'vKXJ(lOOOI

COMMON /A/DELT.DELTD.T[ME,DIST'HHAX'TlTLEqPP'VV'PU'EUUGO'CU'lAvBBQ
1 CCvVUoCCPlCCKvcxlvCXZ'CX3'CX'CXDyCVvCVD’V"ASS
1'CRHUvCEy(PvEZERUQEevCPLG)PLUG!CHB:CHN-CVO'CNU|ClJOCXlJ
3'PLGF(100CI'TME|1000)'PRS(611000)

REAL*4 TME,PLGF,PRS,TIN

REAL*4 TITLE

REAL*8 MZERO

INTEGER*2 KTXyKTY

DATA PI/3.1415926536/

502 FORMAT(8FS.0)

504 FORMAT(I6)

506 FORMAT(1216) »

508 FORMAT(6FS.0,13)

510 FORMAT(212,7F9.0,213)

§12 FORMAT(1HC,' ERROR IN THE INPUT CARDS *,/°* ZONE(*13,%,'13,

1')-R AND Z ON CARDS ARE ",2F9.3," V.S. EXPECTED '2F9.3)

514 FORMAT(1HO,' TOTAL ENERGY AT START=',E15.7)

€16 FORMAT(8FS.0)

520 FORMAT('0O MATERIAL CONSTANTS ")

522 FORMAT (1HC,I3,6E15.7,14)

524 FORMAT(4X,B8E15.7)

526 FORMAT(1HC¢3X,5E15.7)

£28 FORMAT(516,F12.0,216,F12.0)

529 FORMAT(215,7E15.7,213)

§34 FORMAT (1HC," PLUG CONSTANTS '|/516'515-70/laX'216'515.7)

P12=2.%PI

READ R ANC Z CCORDINATES

REAC 5029 (R(1,2),1=2,1IMAX2)

READ 502, (Z(29Jd)9J=29JMAX2)

DO 100 J=2,JNMAX2

DO 100 I=2,1MAX2

R(I,J)=R(I,2)
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oo

100

120

Z(I14,J)=2(24J)

CCNTINUE

READ 504,NSEC

PRINT 504 ,NSEC

NSEC-NO OF RECTANGULAR SECTIONS IN THE SYSTEM

DO 120 K=1,NSEC

REAC 506.KR1(K).KRZ(K),KZI(K).KZZ(K).KTl(K)gKTZ(K)'KTN(K)
PRINT 5C6,KR1(K):KR2(K)'KZIIK),KLZ(K).KTl(K),KTZ(K)'KTH(K’
CCNTINUE

KR1 AND KZ1 ARE INITIAL ZONE NUMBERS,KR2 AND KZ2 ARE FINAL
ZONE NUMBERS IN R AND Z DIRECTIONS-KTM IS MATERIAL CARD INDICATOR
READ 504, NMAT

NMAT-N) OF DIFFERENT MATERIAL CARDS

PRINT 520

00 140 K=1,NMAT

READ 5084 AA(K) 4BB(K)CC(K)yCRHO(K) yCE(K) yCP(K) KKK

PRINT 522,KyAA(K),4BB(K),CC(K)yCRHO(K) yCE(K) yCP (K)yKKK

READ 502 ,CWN(K),CWBI(K) CPLG(K)yCYO(K),CNU(K)

PRINT 526 yCWN(K),CWB(K) CPLG(K),CYO(K),CNU(K)
IF(KKK)14C,14Cy130

130 READ 5164y (PP(KyI)yVVIK4I)yI=1,KKK)

PRINT 524, (PP(KyI)yVVIK,I)sI=1,KKK)
READ 502,PO(K),ROK,EO(K),GO(K),CO(K)
PRINT 526,P0O(K)4RCOK,EC(K),GO(K),CO(K)
VO(K)=1./RNK

140 CCNTINUE

CRHO,CECPyKT14yKT2 ARH THE INITIAL RHUsE+P,KTX AND KTY VALLIES
CO 250 K=1,NSEC

L=KT1(K)

I1=KR1(K)

I12=KR2(K)

J1=KZ1(K)

J2=KZ2(K)

IF(KTM(K))200,200,160

16C CO 180 J=J1,J2

DO 1890 I=1I1,12
RHO(I,4J)=CRHO(L)
E(IyJ)=CE(L)
P(I,J)=CP(L)
RDOT(I4J)=0.
Z00T(1,J)=0.
KTX(I,J)=KT1(K)
KTY(I4J)=KT2(K)

180 CONTINUE

200

GO TO 250
CCNTINUE
CARD INPUT FOR THE CORE SECTION
DO 210 J=J1,J2
B0 210 I=11vI2
READ 510,114JJyRCLyZC1yROOT(I+J)yZDOT(Iyd)sRHO(L ¢d) P
e ' 1Jd )y 1) SECL9d)WPLII),
PRINT 526,115 JJyRCLyZCLyRDOT(I,J),2DOT(1,J)4RHO
RS R IT I RTVIT vJ)y 1J)y (I4J)sE(T9J) 9P 14J)

IF(RC1.EQ.R(I,J).AND.ZC1.EQ.Z(1
)y

J))IGC TO 210
PRINT 512411,JJ4RC1yZCl4R(I,J (IyJ) ’

’
Z(IyJ
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210
250

260

27¢C

280

300

340

3¢0

sTOP

CCNTINUE

CONTINUE

WMAX=0.

DC 260 I=2,IMAX2
R(I,1)=R(1,3)
Z(141)=2(1,2)-(2(1,3)=-2(1,2))
R(I,yJMAX3)=R(I,JMAXL)

Z(1 9 JUAX3)=Z(1,JMAX2)+(Z(14JMAX2)=Z(1,JIMAX]))

CONT INUVE

D0 270 J=1,JMAX3
R(1,yJ)==R(3,J)
Z(14J)=2(3,J)

R{IMAX3,J)=R(IMAX2,J)+(R(IMAX2,J)=-R(IMAX1,J]))

Z(IMAX3,J)=Z(IMAX1+J)
CCONTINUE

DO 275 J=1,JMAX2
RHO(IMAX2,J)=RHO(IMAX1,J)
CCNTINUE

DO 300 J=2,JMAX1

DO 300 I=2,IMAX2

Al=0.5% ((2(I141,J+1)=Z(1,J))*(R(I+1,J)=R(I,J+1))
1=(R(I+1,J+1)=R(I4J))I*(Z(T41,J)=Z(1,J+1)))

IF(I.EQ.IMAX2)GO TO 280
LX=KTX(I,J)

W=(CWN(LX)*(P(I4J)+CWB(LX))/(RHO(I,J)*AL))*(DELT/1.2)%*2

IF(W.LE.WMAX)GO TO 280
WMAX=W

Iw=1I

Jh=J

CCNTINUE

RBARLI=0.25%(R(I4J#1)+R(I1+41,J+1)+R(I+1,J)+R(1,J))

MZERO(T,J)=A1*RBARL*RHO(1,+J)

DO 340 I=2,IMAX1
KTX(I,1)=KTX(I,42)
KTY(I+1)=KTY(I,2)
KTX(I43JMAX2)=KTX(I,JMAX]1)
KTY(I4JMAX2)=KTY(1,JMAX])
MZERO(I,1)=MZERC(I,2)
MZERO(I4JNAX2)=MZERO(I 4 JIMAXL)
CCNTINUE

NC 360 J=1,JMAX2
KTX(1yJ)=KTX(2,4J)
KTY(1,3J)=KTY(2,J)

KTX(IMAX2 ¢J)=KTX(IMAX1,4J)
KTY(IMAX2 3J)=KTY(IMAX1,J)
MZERO(1yJ)=MZERC(24J)

CONTINUE

MZERO(IMAX2y JVAX2)=MZERU(IMAX2,JMAX1)
MZERO(IMAX2,1)=MZERO(IMAX2,2)
EZERO=0.

DO 380 J=2z,JMAX2

0O 380 I=2,IMAX2
IF(I.EQ.IFAX2.CReJ.EQ.JMAX2)GO TO 370
EZERO=EZERO+PI2*MZERO(I,J)*ELI,J)
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370

80

82
86

8g

422

424
426

434

CCNTINUE
RO(I,J)=R(I,J)
20(1,J)=211,J)
CONTINUE

READ 5281KPP,KPP1'KPFZ,KPPX,KPPCqPMASSyKPLl.KPLZ'PLUG~
PRINT 534,KPP,KPPl'KPPZ'KPPX,KPPCgPMASS'KPLl.KPLZ.PLUb

IF(KPPX.LE.O)GC TO 80

READ 516,(CX(I)4CXD(I)I=14KPPX)
PRINT 524 ,(CX(I)yCXD(I),I=1,KPPX)
IF(KPPC.LE.C)GO TO 82

READ 516, (CV(I),CVD(I)yI=1,4KPPC)
PRINT 524, (CV(I)yCVD(I),I=1,KPPC)
CONTINUE

CONTINUE

READ 504,NPP

PRINT 504 ,NPP

IF(NPP.LE.O)GC TO 88

READ 506 4,(KXP(L)yKYP(L)yL=14NPP)
PRINT 5065 (KXP(L)sKYP(L)yL=14NPP)
CONTINUE

PRINT 514,EZERC

DELTO=0

DIST=0.

100=0

I1X=0

DC 450 I=2z,IMAX2

DO 450 J=2,JMAX2

LX1=KTX(TI,J)

LX2=KTX(I-1,J)

LX3=KTX(I-1,J-1)

LX4=KTX(1,J-1)
IF(CPLG(LX1).EGQ.0)GO TO 434
IF(CPLG(LX2).EQ.0)GO TO 428
IF(CPLG(LX3).EQ.O0)GO TO 424
IF(CPLG(LX4).EQC.0)GO TO 422

GO TO 450

IX=IX+1

KXT(IX)=1I

KXJ(IX)=J

CXIJ(IXx)=3,

GC TO 450

IF(CPLG(LX4).NE.O)GO TO 422
IX=1IXx+1

KXT(IX)=1I

KXJ(IX)=J

CXIJ(IX)=2.

GO TO 450

IF(CPLG(LX3).NE.O)GO TO 422
IF(CPLG(LX4).NE.O)GO TO 426
IX=1X+1

KXIT(IX)=1

KXJ(IX)=J

CXIJ(IX)=1.

GO TO 450

IF(CPLG(LX2) .NE.O)GO TO 436
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IF(CPLG(LX3).NE.O)GD TO 438
IF(CPLGILX4) .NE.O)GD TO 432
GO TO 450

436 IF(CPLG(LX3).EQ.0)GO TO 432
IF(CPLGILX4).EQ.O0)GO TO 426
GO TO 422

438 IF(CPLGILX4).EQ.O0IGU TO 432
GO TO 426

450 CONTINUE
10Q=1X
RETURN
END

SUBROUT INE HYDRO (R, ZyROCT,ZDOTyMZERO,P VP EyRHU,RO4ZUySCy»SSR+SSZy
15SSTySSRZySDRySCZySDTySRZySTRySTLyKTX,KTY)

IMPLICIT REAL*8(A-H,0-2)

DIMENSICN R(IMAX3,JMAX3),Z(1MAX3,IMAX3),RUOT(IMAX3,JMAX3 ),
lZDOT(IMAX3'J”AX3)'RO(IMAXByJ"AX3)'LU(I"A‘B'J"Ax3)'HZERU(I"AX3'JHAX
23)15(IMAX3pJMAX3)'P(IHAX3'JFAX3)'RHO(l"AX).J"AX3’pr(I"AXBQJNAX3,9
3SC(IMAX3, JMAX3 ) ,KTX(IMAX3 , JMAX3) 4KTY(IMAX3, JMAX3)

DIMENSICN SSR{IMAX3y JMAX3) ¢ SSZ(IMAX3,JMAX3) 4 SST(IMAX3,JMAX3)

DIMENSICN SDR(INAX3,JMAX3) o SDZ(IMAX3,JMAX3),SDT(IMAX3,JMAX3),SRZ(I
IMAX37JHAX3)ySTR(IHAX3vJMAX3)'571(INAX31JMAX3).SSKZ(INAX!vJ"AX])

DIMENSICN TITLE(20)

DIMENSICN PP(20,50)yVV(20,50),P0(20),E0(20),60(20),C0(20),
lAA(ZO)yEE(ZO)'CC(ZO).VU(ZO).CCP(ZO)9CCK(20)'CPLG(20)
2,CX(50),CXD(50),CV(50),CVDI50),CWB(20),CWN(20)

DIMENSION CRHO(20),CE(20)4CP(20),CY0(20),CNUC20)

DIMENSION CIJ(50),CXIJ(1000)

CCMMON INAX.JPAX.IMAXI,JNAXI.IMAXZ.JMAXZ'lMAXS.JMAxa.NCVCL.
lINDEXAylNCEXB.lhyJHylSTUP'IQQoJQQolDNQJD"vN“PoNCL
2KXP(20),KYP(2C),KXYP(1000)

COMMON KBI,KBZpKBEvKPPIKPquKPPZ'KPPX'KPPC'KVleKPLZ

CCMMON KI1(50) KI2(50) yKJ1(50) 4KJ2(50) ,KXI(1000),KXJ(1000)

CCMMON /AIDELT'CELYD'TKME'DIST,HMAXpTITLE'PP.VV'PU'EO'GU.COpAAyBS,
1 CCyVOyCCP.CCK'CXI'CXZvCX3'CX'CXD|CV'CVDvPHASS
1OCRHOvCEvCP'EZEROQEBvCPLGvPLUGlCHBvC“NvCVUICNU'ClJvcle
3,PLGF(100C), TME(1000),PRS(6,41000)

REAL*4 TME.PLGFPRS,TIN

REAL*4 TITLE

REAL*8 MZEFO

INTEGER®*2 KT X4 KTY

CATA PI/3.1415S26536/

504 FORMAT(' FRESSURE-ENERGY ITERATION HAS NOT CUNVERGED FOR POINT',
1215)

506 FORMAT(1HC,7X,*TINME INTERNAL ENERGY KINETIC ENERGY* 33X,
1°TOTAL ENERGY',/4E15.7)

512 FORMAT(5X,' FORCE ON PLUG EXCEEDS ALLOWABLE VALUE '42EL15.7)

513 FORMATI(5X,"' ALLCWABLE STRAIN IS EXCEEDED")

517 FORMAT(21€,8E14.64/12X,8E14.6)

519 FORMAT(' PLASTICITY EXISTS AT ZONE ",213,' FAILURE INDEX ="4E15.7)
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40

60

eo

PI04=PI/4.

P12=PI%*2.

PI02=PI/2.

TKE=0.

TIE=0.

WMAX=0.

SCUND=2.5LC5

UEP=1.0

REP=1.0E-¢€

PEP=1.0E-4

DIST=0.

PHP=-CYO(2)/3.
CELTB=0.54(DELTC+DELT)
TM=TIME+0.5*DELT
TIME=TIME+DELT

CELTO=DELT

DO 40 I=2,IMAX2

R(Iy1)=R(I,3)
Z(I,1)=2(1,2)-02(1,3)-2(1,2))
R(IyJMAX3)=R(I,JMAX1)
Z(I4JMAX3)=Z(14JMAX2)+(Z(]4IMAX2)=Z(14JIMAX]1))
CONT INUE

DC 60 J=1,JMAX3
R(1,J)==-R(3,J)

2(1,J)=2(2,J)
RIIMAX3,J)=R(IMAX24J)+(R(IMAX2,J)=R(IMAXL1,yJ))
ZIIMAX3,J)=Z(IMAX1,J)
CCNTINUE

DO 80 I=2,IMAX1
RHO(I,1)=RHC(I,2)
P(I41)=CX3%P(I,2)
SDR(I,1)=CX3*SCR(I,2)
SDZ(I+1)=CX3*SCZ(1,2)
SDT(I,1)=CX3*SCT(I,2)
SRZ(I41)==-SRZ(I,2)
RHO(IyJMAX2)=RFC(I,JMAX])
P(IyJYAX2)=CX1*P(I,JMAX])
SCR(I4JMAX2)=CX1*SDR(I,JMAX]1)
SDZ(I4yJMAX2)=CX1*SDZ(1,4JMAX])
SDT(I,JMAX2)=CX1*SDT(I,JMAX])
SRZ(I+JMAX2)==SRZ(I,JMAX]1)
CONTINUE

CO 100 J=1,JMAX2
RHO(1,J)=RHO(2,J)
P(1,J)=P(2,J)
SDR(1,J)=SDR(2,4J)
SDZ(1,J)=SDZ(24J)
SDT(14J)=5DT(2,J)
SRZ(14J)=SRZ(2,J)

RHO(IMAX2 yJ)=RHC(IMAX1,J)
P(IMAX2,J)=CX2%P(IMAX1,J)
SOR(IMAX2,4J)=CX2%SDR(IMAX1,J)
SOZ(IMAX2,J)=CX2*SDZ(IMAX1,J)
SDT(IMAX2 yJ)=CX2*SDT(IMAXL,J)
SRZ(IMAX24J)==SRZ(IMAX1,J)
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100

CCNTINUE

C LOOP 140 TO CALCULATE VELOCITIES AND ACCELERATIONS

94
S6

101

gl2
116

115
103

DO 140 J=2,JMAX2
DD 140 I=2,1MAX2

CTD1=.25%CABS(RIIyJ#1)+R(T+1,J#1)4R(I+1,J)+R(I,J))
CTD2=.25*%CABS(R(I=14J+1)4R(I4J+1)+R(I,J)I+R(1~-1,J))
CTD3=.25*%DABS(R(I=1,J)+R(I,JI+R(I,J=1)+R(I-1,J-1))
CTD4=.25%CABS(R(IyJ)+R(I+14J)#R(I+1,J-1)+R(1,J-1))
CONST=1./(MZERC(1,J) /CTD1+MZERO(I-1,J)/CTD2+MZERO(I-1,J-1)/CTD3
14MZERO(I,4J-1)/CTD4)

P1=P (1,J)=P(I=1,J-1)
P2=P(I1-1,J)=P(1,J-1)
P4==P2

IF(SRZ(T4J) «NE «0e0.0ReSRZ(I=19J) eNE.O.O0eORLSRZ(IyJ=1)«NE.0.0.0OR.

1SRZ(I-1,J-1).NE.0.0)GO TO 9S4
KL=2

GO TO 96

KL=1

CONTINUE

GO TO (101+103),KL

CCNTINUE

Al=-.5‘((R(I1J¢l)-R(l’loJ))‘(l(l*le*ll‘l(I.J))-(R(IOK'JOIl-R(I-Jl

1)*(ZUI,J+1)=2(1+1,J)))

A2==o 5% ((RUI=1,J+1)=R(I,J)I¥(Z(14J+1)=211=1,J))=(RU1,J+1)=R{I=1,J)

LI*(Z(1=1,J+1)=-2(1,J)))

A3=-.5*((F(I‘l'Jl—R(I'J-lil'(l(le)-L(l-l'J-lll-(R(l'Jl-R(l-loJ-li

L)*(Z(I=1,J)=2(14J=1)))

A4=-.5'((F(X'J)-P(IOI'J-I))'(l(l*lpJ)-l(le—l))‘(k(l*l'J)-RiloJ-l)

1I%(Z(T1,J)=2(1+41,9-1)))

CDDD=0.25‘((2.*SDR(I'J)OSDI(lpJ)l‘AlINlERO(l'J)O(Z.'SDRll—I-JDO
1SDl(I-1;J))‘AZ/MZERU(l-l'J)O(Z.‘SDR(l°le-l)OSDZ([-loJ-l))‘AJI
ZMZERO(I-I.J-I)'(Z.‘SDR(lyJ-IDOSDZ(I'J-I))‘AklNlERO(l'J-lll

CDD=0.25*(SRZ(I'J)‘AIIHZERC(l,J)*SRl(l—le)'AZ/HLEKU(l-le)0
lSPZ(l-l-J-l)*ABIMZERO(I-l.J-l)OSRl(I'J-ll‘AblHlERO(l'J-lil

R1=R(I+1,J)=R(I-1,J)
R2=R(I4J=1)=-R(I,J+1)
21=2(1+1,J)-2(1-1,J)
22=2(14J=-1)=2(14J+1)
R13=R1+R2

213=171+12

R24=R1-R2

224=121-12
SRZ1=SRZ(14J)=SRZ(I=-1,J-1)
SRZ4=SRZ(I14J=1)=SRZ(I-1,J)
IF(IQQ.EQ.0)GC TO 119

DO 112 K=1,1Q0Q0
IF(I.EQeKXI(K)+AND.J.EQ.KXJ(K)IGO TO 116
CONTINUE

58.T0.119
CCOC=CDDD*4./CXIJ(K)
CDD=CDD*4./CXIJ(K)
CCNTINUE

CONT INUE

IF(1.EQ.2)G0 TC 110
IF(I.NE.IMAX2)GC TO 108

»
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IF(KPP.EQ.2)GO TO 110
IF(KB2.EQ.0)GC TO 110
108 CONTINUE
GO TO (105,1C7),KL
105 CCNTINUE
RODOT=-CONST*(P4%224=P1%213-((SDR(I,J-1)-SOR(I-1,J))*724
1-(SDR(IyJ)=SCR(I-1,J-1))%213)+SRZ4*R24-SRZ1*R13)+C00D
GO TO 109
107 CONTINUE
RDDOT=-CONSTH*(PL1¥(Z(I,J+41)=Z(1,J=1)+Z(1-1,J)=2(1+1,J))
1-P2% (Z(1,J+1)=-2(1,0=-1)+Z(1+1,J)=2(1-1,J)))
109 CONTINUE
ROB=RDDOT#DELTB
IF(DABS(ROB) .LT.UEP)GO TC 110
RDCT(I,J)=RDCT(I,J)+RDB
110 CONTINUE
IF(J.NE.JNMAX2)GO TO 122
IF(KPP.EQ.1)GC TO 140
IF(KBl.EQ.O0)GC TO 140
GO TO 124
122 IF(J.NE.2)GO TC 124
IF(KPP.EQ.3)GC TO 140
IF(KB3.EQ.0)GC TO 140
124 CCNTINUE
GO TO (125,127),4KL
125 CONTINUE
IZDDOT=CONST* (P4*R24—-P1*R13-((SDZ(1,J-1)-SDZ(I-14J) )%K24
1-(SDZ(I4J)=SCZ(I-14J=1))*R13)#SRZ4*7224~-SRZ1*Z13)+C0DD
GG TO 129
127 CCNTINUE
ZDDOT=CCNST*(P1*(R(I4J+1)=R(I4J=1)#R(I=1,4J)=R(1+1,J))
2=P2%(R{I,J+1)=-R(IyJ=1)+R(1+1,4J)=R(I=-1,J)))
125 CCNTINUE
ZDB=ZDDOT*DELTB
IF(DABS(ZCB).LT.UEP)GO TO 140
Z00T(1,J)=2DCT(I,J)+Z08
140 CONTINUE
END CF LDOP 140
IF(KPP.EQ.0)GO TO 498
TOTP=0.0
GO TO (41C,47C,480),KPP
410 DO 420 I=KPP1,KPP2
420 TOTP=TOTP4PIO2*P( Iy JMAXL)*(R(I+1,JMAX2)**2-R([,JMAXZ)%%2)
XZ=Z(KPP1lyJMAX2)-ZO0(KPP1,JMAX2)
XZZ=Z0DT(KPP1l,JNAX2)
415 IF(KPPX.LE.O)GC TO 432
TF(XZ.GE.CXD(1))GO TO 434
DO 430 L=1,KPPX
IF(XZ-CXC(L))43Cy436,438
430 CONTINUE
432 CXXP=0.
GO TO 440
434 CxxP=Cx(1)
GO TO 440
436 CXXP=CX(L)
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480
482

484
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150

GO TO 44C

CXXP=CX(L-1)+(XZ =CXC(L=1))*(CX(L)=CX(L=1))/(CXDILI=-CXDI(L-1))
CONTINUE

IF(KPPC.LE.O)CC TC 452

IF(XZ2.GE.CVC(1))GO TO 454

DO 450 L=1,KPPC

IF(XZZ-CVC(L)) 450,456,458

CCNTINUE

CXVP=0.

GO TO 460

CXVP=CV(1l)

GO TO 460

CxVP=CVI(L)

GO TO 460
CXVP=CV(L=1)4(XZZ=CVC(L=1))*(CVI(L)=CV(L=1))/(CVDILI=CVDIL-1))
XDDOT=(TOTP=CXXP-CXVP) /PMASS

XCB=XDDOT#*DELTE

IF(DABS(XCB) .LT.UEP)GC TO 496

GO TO (484,4EE,492),KPP

DO 472 J=KPPl,KPP2

TOTP=TOTPOPI'R(IHAXZ.J)‘P(lMAXl.J)'DABS(l(lMAXZ»Jtll-l(IHAXZ-J))

XZ=R(IMAX2,KPP1)-RO( IMAX2,KPP1)

X2Z=RDOT( IMAX2 ,KPP1)

GO TO 415

DC 482 I=KPP1,4KPP2

TOTP=TOTP4PI0Z*P(142) ¥ (R(I+1,2)%%2-R(1,2)%*2)

XZ=DABS(Z(KPP1,2)-20(KPP1,2))

XZZ=DABS(2DCT(KPPL,42))

GO TO 415

0O 486 I=2,IMAX2

ZDOT(1,JMAX2)=2DOT (1, JMAX2)+XDDOT*DELTB

GO TO 4Se6

DO 490 J=2,JMAX2 3

RDOT(IMAXZ o J)=RDOT (IMAX2,J)+XDCOT*DELTB

GO TO 496 .

DO 494 1=2,IMAX2

Z00T(1,2)=2ZD0OT(1,2)-XDDCT*DELTB

CONTINUE

CCNTINUE

DO 150 J=2,JMAX2

DO 150 I=z,IMAX2

R(I4yJ)=R(I,J)+RDOT(T1,J)*DELT

Z(140)=2(1,J)+200T(1,J)*DELT

IF(J.EQ.JMAX2.CR.I.EQ.IMAX2)GO TO 150

TKE=TKE+PI0O4*MZERO(14J) * (RDOT (1,J)*RDOT (1,J)+Z00T(I,J)¥*
1ZDOT(IvJ)ORDOT(l'J*l)’RDGT(IyJ’l)*ZDOT(lyJ*l)'lDUf(lyJ*l)*
ZRDOT(I*l.J*ll*PDDT(I*l.J*l)*lDCT(I*lyJ*l)'lDOT(l*l-J*l)’
3RDOT(IGI.J)'RDC7(I*le)*lDCT(l*l.J)‘lDUT(l*l'J))
CONTINUE

C LOOP 220 TO CALCULATE ZONE QUANTITIES

DO 220 J=2,JMAX1
DO 220 I=2,IMAX1
DDTK=0.
LY=KTY(I,J)
LX=KTX(IyJ)
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162

L]

I1=1+1

Jl=J+1

CDR=SDR(I,4J)

CDZ=SDZ(1,J)

CDT=SDT(I,J)

CRZ=SRZ(I,4J)

CDRS=SSR(I,J)

CCZS=SSZ(1,4J)

CDTS=SST(1,J)

CRZS=SSRZ(I,4J)

R1=R(I14J)=-R(I,J)

Z1=7Z(11,J)=-2(1,J)

D1=R1#R1+21%Z1
V1=(RDOT(11,J)=RDOT(1,J))*R1+(ZDOT(11,J)=200T(1,J))*Z1
R2=R(I11,J1)-R(I1,J)

22=7(11,4J1)=-2(11,4J)

D2=R2*R2+12%12
V2=(PDOT(I1,J1)=-RDOT(I1,J))*R2+(ZDOT(11,J1)-4DOT(I1,J))*22
R3=R(I,J1)-R(I1yJ1)

23=7(1,J1)-2(11,J1)

D3=R3%R3+23%73
V3=(RDOT(1,J1)-RDOT(11,J1))*R3+(ZD0T(I1,J1)=ZDOT(I1,J1))*Z3
R4=R(1,J)-R(I,J1)

24=2(1,J)-2(1,J1)

D4=R4*R4+74% 14

V4=(RDOT{ I,J)=RDOT(I,J1))*R4+(ZD0OT(I1,J)-ZD0OT(I,J1))*Z4
R5=R(I1,yJ1)=R(1,J)

15=2(114J1)=2(1,J)

D5=R5%R5+25%15

X5=RDOT(I1,J1)-RDOT(1,J)

Y5=2D00T(11,J1)-2DCT(1,J)

V5=X5%R5+Y5%75

R6=R(I1,J)=R(I,J1)

26=2(11,J)-2(1,J1)

DE=RE6*RE+16*16

X6=RDOT(I1,J)=-RCOT(I,J1)

YE=ZDOT(11,J)-ZDOT(I,J1)

V6=X6*RE6+Y6*16

CMST=CMAX1( CMAX1(D1,D3)/DMIN1(D1,03),DMAX1(D2,D4)/DMINL( D2,

1D4) ,DMAX1(D5,D6)/DMIN1(D5,4D6))
IF(DMST.LE.DIST)GO TO 162

DIST=DMST

IDM=1

JDM=J

CCNTINUE

DELV=0.0

AREA=0.5*(Z5%R6-R5%26)
CTRD=0.25*(R(IyJ)+R(I,J1)+R(I1,J)+R(I1,J1))
VCL=AREA*CTRD

IF(RDOT(IyJ) eNEeOsOos ORCRDOT(ILlyJ) eNEeOoeOu UR<RDOT(IyJ1l)eNE<OoOw

1 OR.RDOT(I1,J1).NE.0.O0)GO TO 165

IF(ZDOT(IyJ) «NEeOsOe ORZZDOT(I19J)eNE2OeOe URZDOT(IgJLl)eNE<Q<Ow

1 OR.ZDOT(IlyJ1).NE.O.O)GO TO 165
CCNTINUE
RHOT=RHO(I,J)
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170
180

184

PTEMP=P (1 ,4J)

ETEMP=E(1,J)

VP1=0.

GO TO 200

CONTINUE

RHOT=4ZERC(I,J)/VOL

DELV=1.0/RHOT=1.0/RHC(1,J)

IF(DELV«GE.0.0)GO TN 170
VP1=1.44%AREA®CRHO(LX ) *RHOT*RHOT*(DELV/DELT)**2
GO TO 180

VP1=0

CCNTINUE

PSTAR=P(14J)

IF(CPLG(LX).EQ.0.0)GO TO 186

CCNTINUE

A2A=AREA+AREA

DSV=(1./RKOT+1./RHO(I,J))/2.

DOLV=DELV/DSV

SNW==( ( X6¥R5=X5%R6 )+ (Y6*Z5-Y5%26) ) *¥DELT/(A2A*2.)
C2W=1=2 «*SNWXSNW

CNW=DSQRT (L.~SNWh*SNW)

S2W=2 .*SNR*CNh

DRDR=(X6%25-X5%26)/A2A

CRDORT=DROR*DELT

DZDZ=-(Y6*R5-Y5%R6) /A2A

CZDZT=DZDZ*DELT

DTCT=DDLV/DELT-(DRODR+DZDZ)

DTDTT=DTDT*DELT
DRDZ=((Y62Z5-Y5%26)=(X6*R5-X5%R6))/A2A
DRDZT=DRDZ*DELT

SSR(I4J)=SSR(I,J)+DRORT

SSZ(14J)=SSZ(I1,J)+02DZT

SST(I,J)=SST(I,J)+0DTDTT
SSRZ(14J)=SSRZ(I,J)+DRDZT
UZZ=(SEZ(le)-SDR(l.J))‘(CZN-I.l/Z.-SRlll,J"SZN
DRR=-DZZ
CRZ=SRZ(I;J)*(CZH-I.)O(SEZ(le)-SDR(l.J))'SZﬂIZ.
UNU=2.*CNL (LX)

DDLV3=DDLV/3.
SDR(lvJ)=SDR(IvJ)*UNU‘(DRDRT-DCLVB)ODRR
SDZ(I.J)=SDl(l.J)*UNU*(DZDlT‘DDLV3liDll
SOT(1,J)=SDT(1,J)+UNU*(DTDTT-DDLV3)
SRZ(I'J)=SRL(I'J)*CNU(LX)*DRDZTODRZ
SJN=(SDF(Ile"Z*SDZ(l'J)*'ZOSDT(lle“ZlOZ.'SRZ(I'J)"Z
CKJ=SJIN=2.%CYO(LX)**2/3.

IF(CKJ.LE.0.)GO TO 184

PRINT 519,1+J9SJIN
CKJJ=CYO(LX)*DSQRT(.666667/SIN)
SDR(I,J)=SDR(I,J)*CKJIJ

SDZ(T1,J)=SDZ(I,J)*CKJIJ

SOT(1,J)=SDT(1,J)*CKJJ

SRZ(1,J)=SRZ(I,J)*CKJIJ

CONTINUE
522N=DSQRT((SEI(I'JD—SDR(I'J)l"Z*(Z.‘SRZ(lpJ)l"leZ.
S§12N=(SDR(I,J)+SDZ(1,J))/2.

37

1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058

1059
1060
1061

1062

1063

1064
1065
1066
1067

1068
1069
1070
1071

1072

1073

1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087



38

STR(I,J)=S12N+522N
STZ(1,J)=5S12N-522N
SXX=(SDR(I,J)+CDR)/2.
SYY=(SCZ(I,J)+CDZ)/2.
STT=(SDT(I,J)+COT)/2.
SXY=(SRZ(I,J)+CRZ)/2.
DDTK=DDTKO(SXX*DRDRT*SVY‘DZDZTOSTT'DTDTTOSXY'DRDZT)'D&V
IF(SSR (I,4J).GE.CPLG(LX))GO TO 183
IF(SSZ (1,J).GE.CPLG(LX))GO TO 183
IF(SST (I4J).GF.CPLG(LX))GO TO 183
IF(SSRZ(1,4J).GE.CPLG(LX))GO TO 183
GO TO 186
183 ISTOP=2
186 CONTINUE
GO TO (26Cy»300),LY
260 RATIO=1./(RHCT*VO(LX))
IF(RATIO.LE.VV(LX,1))GO TO 278
DO 270 L=1,50
IF(VVILX,L).EQ.0.)GO TO 279
IF(RATIC-VV(LX,L))290,+280,270
270 CONTINUE
PH=0.
GO TO 295
278 PH=PP(LXys1)
GORT 0295
279 L=L-1
280 PH=PP(LX,L)
GOS0 235
290 PH=PP(LXyL=1)+(RATIO=-VVI(LXsL=1))*(PP(LXyL)=PP(LXyL=1))/(VVILX,L)=
1VV(iLX,L=1))
295 CCNTINUE
HP=PH
PH=PH*1.0ES
IF(LX.NE.2)GO TC 297
IF(HP.LE.131.)G0 TO 297
IF(HP.GE.321.)GC TO 298
G=GO(LX)+(CO(LX)=-GO(LX))*(HP-131.)/190.
GEETaR299
267 G=6G0O(LX)
GO TO 299
298 G=CO(LX)
295 CONTINUE
EQUATION CF STATE - SCOLICS AND LIQUIDS
EH=EO(LX)+0.5% (PH+PO(LX) ) *(VO(LX)=1./RHOT)
ETEMP=(E(I14J)4CDTK=0+5% (PH=G*RHOT*EH+VP1+P(1,J) )*DELV)/
1(1.+0.5%CG*RHOT*DELV)
PTEMP=PH+C*RHOT*(ET EMP-EF ) +VP1l
GO TO 200
300 CONTINUE
D0 190 L=1,20
ETEMP=E(I yJ)+DDTK-0.5%(PSTAR+P(1,J) )*DELV
IF(LX.GT.1)G0 TO 344
EQUATION CF STATE - ARGON
PTEMP=AA(LX)*DEXP(=BB(LX)/(ETEMP+CC(LX)))
GO TO 350
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190

185
200

220

230

240

243

244

CONTINUE

EQUATION CF STATE - CORE
PTEMP=AA(LX)*ETEMP*RHOT
CONTINUE

PTEMP=PTENMP+VP]1
IF(DABS(PTEMP-PSTAR) /DABS(PTEMP+0.001).LT.0.001)GO TO 195
PSTAR=PTENP

PRINT 504,14J

1STOP=1

RETURN

CCNTINUE
TIE=TIE+PI*MZERC(I,J)*(ETEMP+E(I,J))
W=(CWN(LX)*(PTEMP+CWB(LX))/(RHCT*AREA) )*(DELT/1.2)**2+
14.0%DABS(CELV*RHOT)
IF(W.LE.WMAX)GC TC 210

WMAX=W

Iw=1

Jw=J

AC1=AREA

AC2=RHO(I,J)

AC3=P(I,J)

RHO(I,J)=RHOT

P(1,J)=PTEMP

E(I,J)=ETEMP

VP(I,J)=VP1

CCNTINUE

IF(KPL1.EC.O)GC TO 240
TPL=0.0

DC 230 I=KPL1,KPL2
TPL=TPL4PIO2%P(1,JMAXL)*(R(I+1,JMAX2)*¥2-R(1,JMAX2)**2)
IF(TPL.LE.PLUG)GO TO 240
PRINT 512,TPL4sFLUG

1STOP=1

CCNTINUE

IF(ISTOP.NE.2)GO TO 245 e
PRINT 513

I1STOP=1

CCNTINUE

EB=TIE+TKE

PRINT 506 TIME,TIE,TKE,EB
NCL=NCL+1

NPN=1

IF(NPP.GT.0)GO TO 243
IF(KPL1.LE.OQ)GC TO 249

GO TO 248

CCNTINUE

IF(NPP.LE.OIGD TO 248
NPN=NPP

DO 247 L=1,NFP
II=IABS(KXP(L))

JJ=1ABS (KYP(L))
IF(KXP(L).GT.0)GO TO 244
PRS(LyNCLI=R(II4JJ)=RO(II,JJ)
GO TO 247

IF(KYP(L).GT.0)GO TO 246
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PRS(LyNCL)=Z(11,JJ)-20(11,JJ)
GO TO 247
246 PRS(LyNCL)=P(IT1,JJ)
247 CONTINUE
248 CONTINUE
PLGF(NCL)=TPL
TME(NCL)=TIME
KXYP(NCL)=NCYCL+1
PRINT 536.KXVP(NCL),THE(NCL)'PLGF(NCLl-(PFS(LvNCL)yL=1'NPNl
536 FCRMAT(1642E14.644X46E14.6)
249 CONTINUE
RETURN
END

SUBRNUTINE PRINTF(RyZ,RDCT,ZDOTyMZEROsP4VPyEyRHUyRCZ0ySCySSRySSLy
1SSTySSRZySORySCZySOTySRZySTRySTZyKTXsKTY)

IMPLICIT REAL*8(A-H,0-2)

DIMENSION R(IMAX3,JMAX3),Z(IMAX3,JMAX3),RDOT(IMAX3,JMAX3),
12D0T (IMAX2,JMAX3) RO(IMAX3,JMAX3)Z0( IMAX3, JMAX3 ), MLERO( IMAX3 y JMAX
23),E(IMAX3,JMAX3),P(IMAX3,JMAX3) yRHO( IMAX3y JMAX3) , VP (IMAX3,JMAX3),
3SC(IMAX3, JMAX3)yKTX(IMAX3,IJMAX3) KTY(IMAX3,JIMAX3)

DIMENSTION SSR(INMAX3,JMAX3),SSZ(IMAX3,JMAX3)SSTIIMAX3,JMAX3)

DIMENSION TITLE(20)

DIMENSICN PP(20,50),VV(20,50),P0(20),EO0(20),G0(20),C0(20),
1AA(20),BB(20),CC(20),Vv0(20),CCP(20)4CCK(20),CPLGL20)
2,4CX(50),CXD(50),CV(50),CVD(50),CWB(20),CWN(20)

DIMENSICN CRHO(20),CE(20),CP(20),CY0(20),CNU(20)

DIMENSION CIJ(50),CXIJ(1000)

COMMOM IMAX, JMAX, IMAX] yJMAX1y IMAX2 yJMAX2 4 IMAX3,JMAX3,NCYCL,
1INDEXA, INCEXByIW,JW,ISTOP,1QQ,JQQ,IDMy, JOM,NPP,NCL
24yKXP(20),KYP(2C)KXYP(1000)

CCMMON KB1yKB2 yKB3 yKPPyKPPLyKPF24KPPXyKPPCyKPLL1,KPL2

COMMON KI1(50),KI2(50)4KJ1(50),KJI2(50),KXI(1000),KXJ(1000)

CCMMON /A/DELT CELTO,TIME,DIST yWMAX,TITLE,PP,VV,PU,EN,GU,CO,AA,BB,
1 CCyVOsCCPHCCKHyCXLyCX2yCX34CXyCXDyCV4CVDyPMASS
1,CRHO4CE,CPyEZERO4JEByCPLGyPLUGyCWByCWNyCYO,CNU,CIJHCXIJ
3,PLGF(100C), TME(1000) 4PRS(6,1000)

REAL*4 TME,PLGF,PRS,TIN

REAL*4 TITLE

REAL*8 MZERC

INTEGER*2 KTX,KTY

51C FCRMAT(1H ,30X,18A4//)

512 FORMAT(1HC,y"* CYCLE NO='yI54" AT TIME *,E15.7)

514 FORMAT(L1HC,' ZONE'+4Xy"R*y14Xy*'Z'y12Xy "RADIAL VEL«"y4X,
1*AXTAL VEL." 35Xy "PRESSURE' y7Xy "ENERGY ' y9Xy "OENSITY',8X, *MASS",
2 9Xy"MT PH',/? R Z%%/})

516 FCRMAT(1H ,213,8E15.7,13,12)

518 FOR:AT(IHC" ZONE" 94Xy "R" 914X "7 412Xy *RADIAL VEL."y4X,

L*AXTAL VEL.'y5Xy"PRESSURE"y6X,*'VISCUUS PK . E L " >
2056X s MT FHY . /' R Z274/) £S5 EAEHGEsSEs THERAS
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522

20
25

30

4C

45

FORMAT(1H1)

FORMAT(1H )

PRINT 520

PRINT 5104(TITLE(I),I=1,18)

PRINT 512,NCYCL,TIME

IF(NCYCL.NE.O)GO TO 30

PRINT 514

DO 25 J=2,JMAX2

DD 20 1=2,IMAX2

PRINT 516319 JsR(I3J)9Z(15J)yROOT(14J)+ZDOTIIJ)sPULsd)sE(LsJ)y
LRHO(I»J) 9 MZERC(I3J)yKTX(I9J)4KTY(I,J)
CCNTINUE

PRINT 522

CCNTINUE

GO TO 50

PRINT 518

DO 45 J=2,JMAX2

DO 40 I=2,IMAX2

PRINT SlbvlnyR(!vJ)vl(le)'RDOT(IvJ)yZDUT(le,'P(le"VP(IQJ)'
LE(I )9 RHC (T 4J) yKTX(I4J)oKTY(I,J)
CCNTINUE

PRINT 522

CCNTINUE

50 CONTINUE

RETURN
END

SUBROUTINE PRI“TL(R'Z’RDCT'lDOT'MlEﬁO'P'VP'E'RHD'RU'ZO’SC'SSR'SSL'
1SST'SSRZOSURQSCleDTvSRleIR'STviTXvKTY)

IMPLICIT REAL*8(A-H,0-2)

DIMENSION R(IPAX3'JMAX3)'Z(XNAX3'JHAX3DIRDU‘(I"AX3'JHAX3)V
IZDOT(IMAXE'JMAX3)1R0(lMAX31JMAX3,910(INAK30J"AX3'v"lERU(lMAIJ'J"‘X
23)'E(lﬂAX3'JMAX3|'P(lFAX3.JMAX3lyRHO(IMAXB,JHAXB],VP(IHAXB'JNAX3"
3SC([MAK3'JMAX3'0KTX(]NAX31JFAK3)'KTV(IHAX3vJHAX3)

DIMENSION SSR(IHAX31JFAX3"SSZ(I"AX3'J”AX3)'SSI(INAX39JHAXJI

CIMENSION SDR(IVAX3'JVAX3’|SDZ(I"AX3'JMAX3)vSDT(lﬂAXavJHAXS’nSRl(I
IMAX3'JMAX3)'STR(IMAX3'JHAX3)'STZ(INAK3'JMAX3)ySSRl(INAX3vJHAX3)

DIMENSICN TITLE(20)

DIMENSION pP(ZOv50)'VV‘20'50)1P0(20)v50(ZO).GU(ZU"CU(Zolv
lAA(ZO).BB(ZO).CC(ZO)'VU(zo).CCPlZO):CCK(ZO),CPLG(ZO)
2vCX(50)cCXD(50l1CV(50)'CVD(5O)vCHB(ZO)qCHN(ZO)

DIMENSICN CRHO(ZO)vCE(ZO)oCP(ZO)'CVU(ZO)vCNU(ZO)

DIMENSION CIJ(50),CXIJ(1000)

DIMENSICN 01(12).02(12).UB(12).U4(12).05(12).06(12).u1(12)-
IUB(IZ)'UA(IZ)vUB(lZ"UC(IZ)’Uollz'qUE(lZ)oU(lZ,
ZpUF(12).UG(lZ).UH(lZ).Ul(lZIvUJ(lZ)

COMMON IMAX'JFAX'IMAXI'JNAXIo[FAXZ,JHAXZ'IHAX3’J“AX3pNC'CL'
lINDEXA.!NCEXB'IhoJH.ISTOP.lOOyJQO.lDV.JDM,NPP.NCL
Z'KXD(ZO,!kYP|20,'KXYP(IOOO'

COMMON KBI'KBZ'KB3yKFP'KPPl'KFPZ.KPPXQKPPC'KPLlpKPLZ

CCMMON KI1|50)VK12(50|'KJ1(50'yKJ2(50)'KXI(IOOO)vKlJ(IOOO’
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1269
1270
1271

1272

1273
1274
1275
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CCMMON 111(10).112(10)'!21(10),[22(10),J11(10).J12(10)9J21(10't

1J22010) 4y T1Xy 12Xy J1X,J2XyKK(120)

CCMMON /A/DELT'DELTO'T[ME'DISTyHMAX.TITLEv9P1VVvPUvEUvGCpCUvAAvBUv

1 CCyVO,CCPyCCKyCX1,CX2,CX34CXyCXD,CVyCVDyPMASS :
1vCRHO'CE.CPytZERU.EB'CPLG.PLUGyCHB'CHNyCYUyCNU,LlJyCXlJ

3,PLGF(100C), TME(1000)PRS(6,1000)
REAL*4 TME,PLGF,PRS,TIN
REAL*4 TITLE
REAL*8 MZERC

REAL*4 Ul ,U2,U3,U4,U5,U6,U7,U8,UA,UB,UC,UD,VE,U

1,UF,UGyUH,UTyUJ
INTEGER*2 KT X,KTY

DATA Ul /°* RADIAL POUSITIUN OF GRID POINTS
1 b2 s AXIAL POSITION OF GRID POINTS
2 e RADIAL VELOCITY OF GRID POINTS
3 us /° AXIAL VELOCITY CF GRID POINTS
4 (bl A PRESSURE OF LZONES
5 Vs VISCOUS PRESSURE OF ZONES
6 U7 /* SPECIFIC INTERNAL ENERGY OF ZONES
i us /' DENSITY OF ZOUNES
8 UA /°'RACIAL DISPLACEMENT OF GRID POINTS
9 UB /' AXIAL OISPLACEMENT UF GRID POUINTS
A ug /" RADIAL STRAIN OF ZUNES
A 2 il AXIAL STRAIN OF ZONES
B UE=f Y ANGULAR STRAIN OF ZONES
B 1 =2 ) SHEAR STRAIN OF ZONES
B uG 7* RADIAL STRESS OF ZONES
8 1] - 1 A AXIAL STRESS UF ZOUNES
B (L § G ANGULAR STRESS OF ZONES
B ud 7° SHEAR STRESS OF ZUNES

SMR=0.

SMZ=0.

SMT=0.

SMD=0.

SMSR=0.

SMSZ=0C.

SMST=0.

SMSD=0.

RM=0.

IM=0.

RDCTM=0

ZDOTM=0

PM=0

VPM=0

EVM=0

RHCM=0

DC 80 J=2,JMAX2

DO 80 I=2,IMAX2

RM=DMAX1 (RM,CABS(R(I,J)=RO(I,4J)))
IZM=DMAX1(ZMyCABS(Z(14J)=Z0(14J)))
RDOTM=DMAX1 (RCCTM, DABS (RDOT(I,J)))
ZDOTM=DMAX1(ZDCTM,DABS(ZDOT(1,J)))
IF(I1.EQ.IMAX2.CR.J.EQ.JMAX2)GO TO 80
PV=DMAX1(FM,DABS(P(I,4J)))
EM=DMAX1(EM,CABS(E(I4J)))

AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
Al
AT
AT
AT
AT
AT

TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME

1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
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1321
1322
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1327
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1329
1330
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80

85

101

88

90

109

95
110
10¢C

103

104

10¢

VP1=VP(1,J)

VP¥=DMAX1(VPF,CABS(VP1))
RHOM=DMAX1(RHCM,DABS(RHO(I,J)))

SMRT=SSR(1,J)

SMZT=SSZ(1,J)

SMTT=SST(1,J)

SMDT=SSRZ(I,J)

SMR=DMAX1 (SMR,CABS(SMRT))

SMZ=DMAX1 (SMZ,CABS(SMZT))

SMT=DMAX1 (SMT,CABS(SMTT))

SMD=DMAX1 (SMD,DABS(SMDT))
SMSR=DMAX1(SMSR,DABS(SDR(I,J)))
SMSZ=DMAX1(SMSZ,CABS(SDZ(1,J)))
SMST=DMAX1(SMST,DABS(SDT(I,J)))
SMSD=DMAX1(SMSD,CABS (SRZ(1,J)))

CCNTINUE

IF(NCYCL)ES5,E5,88

CONTINUE

RM=R (IMAXZ,2)

IN=Z(2yJVAX2)

CO 101 K=1,12

U(K)=U1(K)

CALL DISP(SC4R,PM,U s 12X 302X 12141229J214J224KK)
DO 102 K=1,12

U(K)=U2(K)

CALL DISPI(SC4sZ4ZM,U 2 12X3J2X 3121912249219 J224KK)
GO TO 100

CCNTINUE

DO 90 J=2,JMAX2

DO 90 I=2,IMAX2

SC(I,J)=R(I1,J)=RO(I,J)

CCATINUE

DO 106 K=1,12

U(K)=UA(K)

CALL DISP(SC,SCsRM,U W I12XeJ2Xy12191224J2193229KK)
DO 95 J=2,JMAX2

DC 95 I=2,1MAX2

SCUIJ)=Z(1,J)=20(1,J)

CONTINUE

DO 110 K=1,12

U(K)=UB(K)

CALL DISP(SC,SCyZMyVU vlZXvJZXvIZIolZZ,JZleZZcKKl
CCNTINUE

DO 103 k=1,12

L(K)=U3(K)

CALL DISP(SC,RDOT,RDOTM,U oIZX.JZX'lZlleZ'JZleZZvKKl
DO 104 K=1,12

UIK)=U4(K)

CALL DISP(SC,ZDOT,2ZDOTM,U quX.JZleZquZZvJZleZZ'KK)
DO 105 K=1,12

U(K)=U5(K)

CALL DISP(SCyFPsFM,yU vllX-JlelllollZ'JllleZvKK)
DO 106 K=1,12

U(K)=U6(K)

DC 225 J=Z,JMAX2
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ei5

107

1C8

112

222

114

224

115

116

530

DO 225 I=2,IMAX2
SC(I,))=VP(I,4J)
CCNTINUE

CALL DISP(SCySCyVPM,U yI1X9J1Xe111,112,J11,4J12,KK)

DO 107 K=1,12
U(K)=UT(K)

CALL DISP(SC,E,EM,yU sI1XpJ1X 911151125115 J124KK)

DO 108 K=1,412
U(K)=UB(K)

CALL DISP(SC,RhOyRHOM,U s T1X9J1XyI111,112yJ114J12,KK)

DO 111 K=1,12
U(K)=UC(K)

DO 221 J=2yJMAX2

DO 221 I=2,IMAX2
SC(I,J)=SSR(I,4J)
CCNTINUE

CALL DISP(SC,SC,ySMR
CO 112 K=1,412
U(K)=UD(K)

DC 222 J=2,JMAX2

DO 222 I=2,IMAX2
SC(I,J)=SSZ(I,J)
CONTINUE

CALL DISP(SC,SC,ySMZ
DO 113 K=1,12
U(K)=UE(K)

DO 223 J=2,JMAX2

DO 223 I=2,IMAX2
SC(I,J)=SST(I,4J)
CCONTINUE

CALL DISP(SC,ySCySMT
DO 114 K=1,12
U(K)=UF(K)

CO 224 J=z,JMAX2

DO 224 I=2,1IMAX2
SC(I4J)=SSRZ(1,4J)
CCNTINUE

CALL DISP(SC,SC,SMD
DO 115 K=1,12
L(K)=UG(K)

Y

U

Y

Y

CALL DISP(SC,SDRySMSR,U

DO 116 K=1,12
U(K)=UH(K)

CALL DISP(SC,SCZ,SMSZ,yU

DO 117 K=1,12
U(K)=UTI(K)

CALL DISP(SC,SCT,SMST,U

DO 118 K=1y12
U(K)=UJ(K)

CALL DISP(SC4SRZySMSD,U

PRINT 530
FORMAT(1H1)
RETURN

END

s I1X9J1XsI111,1129J115J12,KK)

2 I1X9J1XeI111,1129J119J12,KK)

211Xy J1XyI11,112,J119J12,KK)

pT1X9J1X9I114112,4J114J12,KK)

s I1XyJ1IXsI11,41124J119J12,KK)

2 I1XyJ1Xy 111,1124,J114J12,KK)

pI1XyJIXy 11191124911 ,J124KK)

P I1XyJ1Xy I1191124J119J12,KK)
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1429
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1431
1432
1433
1434
1435
1436
1437
1438
1439
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SUBROUTINE DISP(KCyByAMAX UygIXyJXyI14124J1yJ24KK)

IMPLICIT REAL#8(A-H,0-2)

DIMENSION KC(IMAX3,JMAX3),B(IMAX3,JMAX3),U(12),11(10),12(10),
1J1(10)45J2(10),KK(120),TITLE(20)

DIMENSICN PP(20,50)yVV(20,50),P0(20),ED(20),G0(20),C0O(20),
1AA(20)4BB(20),CC(20),V0(20),CCP(20),CCK(20),CPLG(20)
2,CX(50),CXD(50),CV(50),CVD(50) yCWBL20),CWN(20)

DIMENSICN CRHO(20),CE(20),CP(20),CYD(20),CNUC20)

DIMENSION CIJ(50),CXIJ(1000)

CCMMNN IMAX,JMAX,IMAX1,yJMAX1,IMAX2,JMAX2,IMAX3,JMAX3,NCYCLy
1 INDEXA, INDEXEByIW,JW,ISTOP,1QQ,JQQ,ICM,JDM,NPP,NCL
24KXP(20)4KYP(20),KXYP(1000)

COMMON KB1,KE2 yKB3 KPP, KPPl ,KPPZ,KPPX,KPPLyKPL1,KPL2

COMMON KI1(50)4KI2(50),KJL1(50)4KJ2(50)4KXI(1000),KXJ(1000)

COMMON JA/DELT yCELTO,TIME,DIST yWMAX,TITLE,PP,VV,P0,E0,GO,CO,AA,BB,
1 CCyVOsCCP4CCKyCXL4CX29CX3,CXyCXDsCV4CVD4PMASS
1|CRH0vCE'CPpElERO'EB'CPLGoPLUG'CWB'CHN'CYUoCNU'CIJQCXIJ
3,PLGF(100C), TME(1000),PRS(6,1000)

REAL*4 TME,PLGF4PRS,TIN

REAL*4 TITLE

REAL*4 U

500 FORMAT(1H1)

502 FORMAT (25X,18A4)

504 FORMAT(1HCy5Xy11A4,E15.74" AND D-TIME="4EL15.Ty* AT CYCLE-",14)

508 FORMAT(1H ,5X,*'MAXIMUM ABS. VALUE =9 ,E15.7y" TO SMALL-NO PRINTOUT®
1)

510 FORMAT(1H ,5X,*MAXIMUM ABS. VALUE =4 ,E15.7y" SCALE FACTOR =',EL0.2

1)

512 FORMAT(1HC,2Xy' R'y2515)
514 FCRMAT(I4,1X,25I5)
516 FORMAT(3Xs'2")

CMAX=AMAX

IF(AMAX.EQ.O0)GO TO 240

1=0

D0 30 J=1,100 o

KAM=AMAX

IF(KAM.EQ.O0)GO TO 40

AMAX=0e1%AMAX

I=1+1

30 CONTINUE
40 DC 50 J=1,100

AMAX=10.%AMAX

KAM=AMAX

IF(KAM.GT.0)GC TO 60

I=1-1

50 CONTINUE
GO TO 240
60 IF(AMAX.GT1.9.95S)11=1+1

C=10.%*(4-1)

CO 80 J=2,JMAX2

DN BO I=2,IMAX2

KC(I,J)=B(I,J)%C

80 CCNTINUE
DO 200 I=1,IX
0O 200 J=1,JX
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1491
1492
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1516
PRINT 500 1517

PRINT 502, (TITLE(K) K=1,18)

PRINT 504 5(U(K) K=1,11),TIME,DELT 4NCYCL };}g
PRINT 510,CMAX,C {ans
K1=11(1) e
K2=12(1) e -
PRINT 512, (KK(K) K=K1,K2) 1522
PRINT 516 by
L1=41(J) e
L2=42(J) ne
DO 140 L=L1,L2
PRINT 514 Ly (KC(KsL) K=K K21 igg7
140 CONTINUE 1553
200 CONTINUE
G0 TO 300 1530
240 PRINT 500 1531
PRINT 502, (TITLE(K) ,K=1,18) 1532
PRINT 504 »(U(K)yK=1y11),TIME,DELT,NCYCL 1533
PRINT 508,CMAX 1534
300 RETUPN 1535
END 1536
SUBROUTINE PICT(R,ZyP,LAST) 1537
IMPLICIT REAL*8(A-H,0-Z) 1538
DIMENSION IX1(50),IX2(50),JX1(50),JX2(50) 1539
DIMENSION R(IMAX3,JMAX3),Z(IMAX3JMAX3) ,P(IMAX3,JIMAX3) 1540
DIMENSION £AME(50),LLAME(1),NX1(50) 1541
DIMENSION TITLE(20) 1542
DIMENSION PP(20,50),VV(20,50),P0(20),E0(20),60(20),C0(20), 1543
LAA(20) BB (20),CCL20) ,VO(20) yCCP(20)4CCK(20) yCPLG(20) 1544
2,CX(50),CXD(50),CV(50)5CVD(50) yCHBL201),CHN(20) 1545
DIMENSICN CRHC(20),CE(20),CP(20),CY0(20),CNU(20) 1546
DIMENSION CTJ(50),CXIJ(1000) 1547
COMMON TMAX, JVAXy IMAXLyJMAXLy IMAX2 ¢ JMAX2 y IMAX3 4 JMAX3,NCYCL , 1548
LINDEXA, INDEXByIWyJW,ISTOP,1QQyJQQy I DNy JDMyNPPyNCL 1549
2,KXP(20),KYP(2C) yKXYP (1000) 1550
CCMMION KB1lyKB2 yKB3,KPP,KPP1y,KPP2,KPPXyKPPCyKPLLyKPL2 1551
COMMON  KIL(50),KI2(50)yKJ1(50) 4KJ2Z(50)4KXI(1000),KXJ(1000) 1552
COCMMIN I11(10),112(10),121(10),122(10),J11(10),J12(10)4J21(10), 1553
10220100 » 11Xy 12X, 1, J2XyKK(120) 1554
CCMMON /A/DELT yCELTOy TIME s DIST yWMAX s TITLE PP yVV 4 PUyEQGOyCUyAAy BBy 1555
1 CCyV0yCCPyCCKyCX1yCX2yCX39CXyCXDyCVyCVDyPMASS 1556
1 +CRHO,CEyCP,EZERDyEByCPLGyPLUG,CWByCWNyCYOyCNU,CIJoCXIJ 1557
3,PLGF (100C), TME (10000 PRS(6,1000) 1558
REAL*4 TME,PLGF 4PRS,TIN 1559
REAL*4 TITLE,TMM,AX(20) 1560
REAL¥8 MZERO 1561
REAL*4 DELyR1yR2,RRyRR14RR2y2Zy2Z1,222 1562
REAL*4 PMAX,PZ,PP1 1563
INTEGER*2 KTX,KTY 1564

IF(LAST)2C,40,40 1565



20

21

22
520
530

n
~N
n

21
29
3l
523

3l
32

24

26

28

40

CONTINUE

READ 520,N

PRINT 520,4N

IFIN)22,22,21

READ 5205 (IX1(L)yIX2(L) yJX1IL)JIX2(L)4L=14N)
PRINT 5204 (IX1(L) o IX2(LD)oIXLIL)3JIX2(LI4L=1yN)
CCNTINUE

FORMAT(1216)

FORMAT (1824)

READ 522,NNM,PMAX

PRINT 523 4yNNM,PMAX

FORMAT(16,F12.0)

IF(NNM)32,32,30

READ 520, (NXL(L)yL=1,NNM)

PRINT 520,(NX1(L)yL=14NNM)

DO 31 L=1,NNM

J=IABS(NX1(L))

TFINXL(L))I27431,429

CALL CONVC(* ("Z=",12)*yLAME(L)y0sKRR,J)
GO TO 31

CALL CONVC('"(m™R=",12)",LAME(L) +0,KRRyJ)
CCNTINUE

FCRMAT(164E15.7)

FORMAT(1HC,18A4)

CONTINUE

NNN=0

CALL FLINC(1)

CALL FLINW(2)

CALL FCHSZ(3)

CALL FTEXT(TITLE,72,1,1CC,2000)

CALL FCHSZ(2)

CALL FMAREA(220C,2200)

CALL FXYTRN(100C,1000)

CALL FACV (&)

R5=R(242) b
15=2(2,2)

R6=R(IMAXZyJMAX2)

26=2(IMAXZyJNMAX2)

R3=R6-R5

13=16-15

IF(R3-23)24424426

R1=0.05%22

R2=13+2.%R1

GO TC 28

R1=0.05%R2

R2=R3+2.*R1

CONTINUE

LAST=0

R1=-R1

CCONTINUE

TMM=TIME

CALL CONVG(® ("CYCLE="y14," TIME=",F11.8)",AX,0yKRR,NCYCL,TMM)
CALL FDATNM(2)

CALL vaL]M(Rl.ﬂlvRZvRZ’

Do 60 [=Z'INA’2
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1590
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48

50

€0

64

66

68
7c

02

74
76
78
79

110

11=1+1

DO 60 J=2+JMAX2

J1=J+1

RR=R(I,J)-R5
17=1(1,J)-15
IF(I.EQ.IMAX2)GO TO 50
RR1=R(I1,J)-R5
271=1(11,J)-15

CALL FLNSCG(RR,ZZsRR1,221)
IF(J.EQ.JMAX2)GC TO 60
RR1=R(I,J1)-R5
221=111,J1)-25

CALL FULNSG(RR,ZZyRR1,2Z1)
CCNTINUE

IF(N)T9,7S+64

CONTINUE

DO 78 L=1,N

IP1=1IX1(L)

IP2=1X2(L)

JP1=JX1(L)

JP2=JX2(L)
IF(IP2-1P1)66,66,72
1=1P1

KP2=JP2-1

DC 70 J=JP1,KP2

J1=J+1

RR=R(I,J)-R5
17=1(1,J)-15
RR1=R(I,J1)-R5
121=1(1,J1)-25

DO 68 K=1,3

CALL FLNSG(RR,ZZyRR1,2Z1)
CONTINUE

CCNTINUE

GO TO 78

J=JP1

KPz=1P2-1

0O 76 I=1F1,KP2

I1=1+1

RR=R (1,J)-R5
11=1(1,J)-15
RR1=R(I11,J)-R5
771=1(11,4)-15

DO 74 K=1,3

CALL FLNSG(RR,ZZ,RR1,2Z1)
CONT INUE

CCNTINUE

CONTINUE

CONTINUE

CALL FTEXT(AXy2791,R2%0.05,R2%0.95)

CALL FADV(4)
IF(NNM)22C42204110
RR1=PMAX*1,.1

CALL FXYLIM(R1,4R14R2,4RR1)
DO 200 K=1,NNM
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1645
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120

140

160

162

180
190

200
220

80

100

LLAME(1)=LAME(K)

CALL FTEXT(AX92741,R2%0.05,PMAX%*1.05)
CALL FTEXT(LLAME,4+1,R2%¥0.05,PMAX*1.00)
IF(NXL(K))12Cy160,160
J=IABS(NX1(K))
RR=R(2,2)-R5

11=0.

RR1=R(IMAX2,2)=R5
211=PMAX

DO 122 L=1,3

CALL FLNSC(RR,ZZ,RR1,22)
CALL FULNSG(RRy2ZZ,4RR,2121)
CONTINUE

11=2

12=1MAX1

DO 140 I=11,12
RR=R(I,J)=R5

PZ=P(14J)
RR1=R(I+1,J)-R5
PP1=P(I+1,J)

CALL FLNSG(RR,PZ4RR1,PP1)
CCNTINUE

GO TO 150

I=NX1(K)

RR=Z(242)-15

22=0.

RR1=2(2,JFAX2)~-25
121=PMAX

DO 162 L=1,3

CALL FLNSG(RRyZZ4RR1,22)
CALL FLNSG(RR,ZZ,4RR,Z21)
CONTINUE

J1=2

J2=JMAX1

DO 180 J=J1,J2
RR=Z(1,J)=-15

PZ=P(1,J)
RRL=Z(1,J41)-25
PP1=P(I,J+1)

CALL FLNSG(RRyPZ4RR1,PP1)
CONTINUE

CCNTINUE

CALL FADV(4)

CONTINUE

CONT INUE
IF(LAST)1C0,100,80
CONTINUE

CALL FACV(4)

CALL FDATNMI(3)

CALL FMAREA(40C0,4000)
CALL FXYTRN(0,0)

CALL FCHSZ(3)

CALL FTEXT(TITLE,72,1,1C0,2000)
CALL FCHSZ(2)

CALL FACV(4)

CALL FEOF

RETURN

END
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